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Utah Department of Environmental Quality
Division of Solid and Hazardous Waste
288 North 1460 West

Salt Lake City, UT 84114

RE: Updated Closure and Post-Closure Tables

Dear Mr. Downs,

Please include these updated tables in the Municipal Solid Waste Landfill Permit
Modification Closure, Post-Closure Care And Financial Assurance Plan that was

previously submitted on June 22, 2005.

If you have any questions please contact me at 801-924-8485

Sincerely,

e

Lester Lemmon
Operations Manager
Wasatch Regional Landfill, Inc.



1 - Total cost estimates are adjusted to relect 2005 third-party dollars with estimated job specific adjustments.

2 - Foundation layer placed as part of daily/intermediate cover.

3 . 2005 Means Guide Estimated Costs. Some costs are adjusted to reflect local conditions and criteria.

4- Esumates

TABLE 1
Wasatch Regional
FINAL YEAR 3 CLOSURE COST ESTIMATES SUMMARY
SIZE OF CLOSURE AREA: 30.0 ACRES
UNIT
CLOSURE COSTS MEASURE | COST |QUANTITY TOTAL
Supply & Placement of Closure Cap
General Contractor Mobilization/Demobilization ¢ Lump Sum $ _ 25000.00 i $ 25,000.00
Liner Contractor Mobilization/Demobilization Lump Sum [ 5,000.00 1 $ 5,000.00
GeL Acre $  17,563.00 30 $ 526,890.00
60 Mil HDPE Textured Acre $  20,440.00 30 $ 613,200.00
Freight and Material Taxes "' Included in $/Acre
Install Gas Vents (100' grid spacing) EA $ 300.00 100 s 30,000.00
Soil Cover (21" " Acre $  13,419.00 30 $ 402,570.00
Grading of Waste/Surface Preparation Acre s 1,000.00 30 5 30,000.00
Surveying Acre s 500.00 30 s 15,000.00
Stone Mulch Acre $ 940.00 30 $ 28.200.00
Subtotal b 1,675,860.00
Stormwater/Groundwater Controls
Channel Excavations LF $ 2.00 2500 5 5,000.00
Riprap Channel Granular Filter (run-on control) @ CY $ 10.00 1400 3 14,000.00
Riprap Channel Riprap {run-on control) cY 3 50.00 2100 $ 105,000.00
Downchute Pipe LF s 57.50 400 s 23,000.00
Inlet Boxes EA $ 2,500.00 2 3 5,000.00
Install Remaining Groundwater Drain &) cY $ 1.50 63355 $ 95,032.50
Install Drain Pipe Under Railroad Lump Sum $ 8500000 1 5 85,000.00
Subtotal s 332,032.50
Leachate Evaporation Pond (assume approximately 100" x 100" x 10' deep)
Pond Excavation/Earthwork ) CY $ 2.00 1850 5 3,700.89
GeL @ Acre $  17,563.00 0.3 s 5,268.90
60 Mil HDPE Textured, 3-layers ) Acre $  20,440.00 0.9 3 18,396.00
Geonet, 2-Layers ¢! Acre s 10,481.00 0.6 $ 6,288.60
Freight and Material Taxes ‘" Included in $/Acre
Leak Detection Pipes and sumps ') EA S 10,000.00 2 3 20,000.00
Subtotal s 53,654.39
Other: (List)
Engincering Site Evaluation ! LS $ 10,000.00 1 s 10,000.00
Design, Specification & CQA/CQC Manuat ¥ LS $  50,000.00 1 $ 50,000.00
Project Mgmt. & QA/QC, Oversight @ Acre s 2,500.00 30 $ 75,000.00
JQA/QC Testing @ Acre $ 500.00 30 $ 15,000.00
QA/QC Reporting Acre s 300.00 0 s 9,000.00
Subtotal - Other s 150,000.00
TOTAL $ 2,211,546.89
NOTES:
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TABLE 2
Wasatch Regional
POST-CLOSURE COST ESTIMATES SUMMARY
LENGTH OF CLOSURE ACTIVITIES: 30 YEARS
30-YEAR

FINAL CLOSURE COSTS TOTAL
Abandone Monitoring Wells $10,000)
Site Abandonment 575,000
Closure Certification $2,000]
MAINTENANCE COSTS COST/YR
Security, fencinE, gates, signs, access, etc. $ 1,2501$ 37,500
Erosion repair, settlement repair, revegetation $ 12000] % 360,000
Surface water control maintenance (run-on/run-off) $§ 4000]S 120,000
Storm Drainage Pipe Maintenance and Repair $ 1,500]¢$ 45,000
Groundwater Drain Flow Line Maintenance $§ 2000]% 60,000
Leachate collection system $ 1000183 30,000

Subtotal b 652,500

# OF #OF FREQ/] COST/ COST/

MONITORING COSTS WELLS/PTS. | SAMPLES| YR |SAMPLE] YEAR
Groundwater Monitoring
3rd Party/Sample Collection 2 20]s 80018 3,200
Lab Analysis 2 2018 1,500] 8 6,000
Statistical and Reporting 2 2008 1,000 % 4,000
Storm Water Monitoring 1 2088 100018 2,000
Landfill Gas Monitoring 4018 1,000} 8 4,000
Administration Oversight $ 20,000

Subtotal §$ 39,200 § 1,176,000
Total $ 1,915,500

6/24/2005



Wasatch Regional
CLOSURE/POST-CLOSURE CARE COST ESTIMATE
SIZE OF CLOSURE AREA: 30 ACRES
TOTAL CLOSURE COSTS $ 2,211,546.89
TOTAL POST-CLOSURE COSTS $ 1,915,500.00
TOTAL COST ESTIMATES: (s 4,127,046.89
NOTES:

1 - Cost estimates are adjusted to relect 2005 third-party dollars.
2 - Cormective actions are currently not occurring on-site.

6/24/2005



ALLIED WASTE SERVICES

June 22, 2005

Dennis R. Downs

Utah Department of Environmental Quality
Division of Solid and Hazardous Waste
288 North 1460 West

Salt Lake City, UT 84114

RE: Wasatch Regional Landfill, Inc.
Municipal Solid Waste
Landfill Permit Modification
Closure, Post-Closure Care
And Financial Assurance

Dear Mr. Downs,

HAND DELIVERED

JUN 2 2 2005

05.021
UTAR DIVISION OF
SOLID & HAZARDOUS WASTE

We are submitting for your review the Municipal Solid Waste Landfill Permit Modification

Closure, Post-Closure Care And Financial Assurance.

If you have any questions please contact me at 801-924-8485

Sincerely,

e o

Lester Lemmon
Operations Manager
Wasatch Regional Landfill, Inc.
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Section 1 - Closure Plan

This Closure Plan was developed in accordance with the Utah Administrative
Code (R315-302-3). The closure of the Wasatch Regional Landfill will be
completed in accordance with this plan. Closure activities will be performed
in such a manner as to accomplish the following goals:

Minimize the need for further maintenance;

Minimize or eliminate threats to human health and the environment from post
closure escape of solid waste constituents, leachate, landfill gases,
contaminated run-off or waste decomposition products to the ground,
groundwater, surface water, or the atmosphere and;

Adequately prepare the facility for the post-closure period.

This Closure Plan and any future modifications or changes to this plan wili be
maintained as part of the landfill's operating record.

Elements of Closure

Closure may include final grading and contouring, liner placement, seeding,
or placement of stone mulch. Storm water design and control will be part of
closure activities. Final closure construction will typically be initiated within
one year after a landfill area reaches final grade. Closure will occur in small
phases and may include any combination of side slope or top area. It is
anticipated closure may occur every year. Prior to proceeding with any
closure activities, Design Drawings and a QA/QC Plan will be submitted to
the Executive Secretary for review and approval of the proposed activities.

Closure Schedule

Wasatch Regional Landfilt will notify the Executive Secretary of the intent to
implement the closure plan at least 60 days prior to closure activities. This
notification will provide details on which area will be closed and how the final
cover will be constructed. It will also include a QA/QC document and
engineered construction drawings.

Within two years after a landfill area is to final grade. Wasatch Regional
Landfill will implement the closure plan, and will complete closure activities
within 180 constructions days. Following the completion of final closure
activities, Wasatch will submit within 30 days to the Executive Secretary a set
of as-built drawings of final closure construction signed by a professional
engineer registered in the State of Utah. Wasatch will also provide
certification of the compliance of each phase of closure construction with the
approved closure plan. A representative of Wasatch and a professional
engineer registered in the State of Utah will sign the certification.

Wasaltch Regional Landfiti, Inc, Page 100



Closure Design

The current final cover design concept and engineering report includes
graded intermediate soil cover material, GCL, textured 60 mil HDPE, 18
inches of soil cover above the liner and either 6 inches of top soil followed by
seeding or 21 inches of soil cover followed by 3 inches of a stone muich.

It is anticipated an Alternative Soil Cover Design application will be submitted
to the Division for review and approval sometime during 2006.

Final Inspection

Following the completion of closure activities, a final report will be prepared
and certified by an engineer registered in the State of Utah. The report will
present laboratory and field test data that support the conformance of the
final cover installation and closure activities with the Utah Solid Saste
regulations and the approved Closure Plan. The report will also include
facility closure plan sheets signed by a professional engineer registered in the
state of Utah that represent the final, as-built closure construction. The
Executive Secretary will be notified of the completion of closure activities and
arrangements will be made for a final inspection by DEQ. Following final
approval by DEQ, the post-closure plan will be initiated pursuant to the
approved Post-Closure Plan.

Wasalch Rogional i anahill ing Page 101



Section 2 — Post-Closure Care Plan

Post-Closure Care Plan

This Post-Closure Plan has been developed in accordance with UAC
R315-302-3, and provides for post-closure care and maintenance of
the Wasatch Regional Landfill. All post-closure maintenance and
monitoring will be performed in accordance with this plan.

Elements of Post Closure

Post Closure will include maintenance and monitoring of gases, land and
water for 30 years or as long as the Executive Secretary determines
necessary for the facility to become stabilized and to protect human heailth
and the environment. Post Closure activities will include: leachate
management, filling areas of differential settlement, erosion control, storm
water management, gas collection and control, groundwater sampling and
management, air monitoring and reporting, site security and site
management.

Post-closure Schedule

The Post-closure maintenance period will begin immediately following the
completion of all landfill unit closure activities. Post-closure activities will
continue for a period of thirty years or a period established by the Executive
Secretary. If, during the post-closure period, monitoring activities indicate that
the site has stabilized and does not pose a threat to human heaith or the
environment. Wasatch may petition the Executive Secretary for a decrease in
the length of the post-closure monitoring period. Following completion of the
post-closure monitoring period as established by the Executive Secretary,
Wasatch will submit to the Executive Secretary a certification, signed by an
authorized representative of Wasatch and a professional engineer registered
in the State of Utah, which states why post-closure monitoring activities are
no longer necessary. After obtaining final approval from the Executive
Secretary, post-closure monitoring activities will be discontinued. Any
modifications to the post-closure plan will be submitted to the Executive
Secretary for approval at least 6 months prior to the implementation of the
post-closure plan.

Monitoring

Monitoring activities will include groundwater, landfill gas, leachate, storm
water as necessary and any air quality items as required

If continued monitoring at the facility indicates that the waste mass has
stabilized and does not pose a threat to human health or the environment, the
owner or operator may petition the Executive Secretary for a decrease in the
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length of the post-closure monitoring period. Records for all monitoring
activities will be stored at the Wasatch Regional Landfill.

Maintenance Activities

During the post-closure period, personnei from Wasatch will inspect: the final
cover for differential settlement and erosion, the storm water channels and
drainage systems to assure they are clean and working properly, the site
boundary security fences. In addition, all groundwater and landfill gas
monitoring equipment will be inspected according to the manufacturers
recommendation. If the inspection indicates that there is a need for repairs,
the appropriate sub-contractor will be immediately contacted. Repairs will be
completed as soon as possible following each inspection in order to maintain
the effectiveness of the monitoring equipment.

Planned Use of Property

Currently, there are no planned uses of the property during the post closure
period.

wasalch Raegionas Landfii, in:. Page 201



Section 3 - Cost Estimates For Closure &
Post-Closure

Costs associated with the closure and post-closure period have been calculated
for the initial permit term of five years. The cost estimates have been based on
the most expensive cost to close the largest area of the disposal facility requiring
closure during the permit. The largest open area requiring closure during the five
year permit period is 30 acres which occurs during year 3. After year 3 the first
construction phase will be partially closed leaving a maximum area of 30 acres
requiring closure through year 5. Additional closure costs that will occur during
year 3 that will not be required at year 5 include downspout piping at the
southeast corner of the landfill area and the rip rap drainage channel along the
south side and extending around the west side of the landfill area. These
estimates are based on 2005 construction costs, 2005 Means Guide, and
estimated engineering and surveying costs. The estimated closure and post-
closure maintenance costs for the first five years of operation are presented in
Appendix 3.1. A financial assurance mechanism will be submitted to the
Executive Secretary for approved and become effective prior to operation and
initial receipt of waste at the facility.

The specific quantities of materials used in calculating the closure/post-closure
costs were measured from design plans (provided in the permit drawings)
assuming a constructed landfill area of 30 acres. The projected post-closure
costs were calculated on the assumption that the integrity of the final cover would
be inspected annually, landfill gas would be monitored quarterly, ground water
would be monitored semiannually, and that general facility maintenance would be
ongoing. Final closure and post-closure costs will be evaluated and adjusted
annually. These estimates may change as a result of permit modifications,
regulatory changes, operational changes, or changes in the closure total
acreage. If corrective action is anticipated during the post-closure period,
additional closure estimates and financial assurance will be provided.
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TABLE 1

Wasatch Regional
FINAL YEAR 3 CLOSURE COST ESTIMATES SUMMARY
SIZE OF CLOSURE AREA: 30.0 ACRES
UNIT
CLOSURE COSTS MEASURE | COST |QUANTITY TOTAL
Supply & Placement of Closure Cap
General Contractor Mobilization/Demobilization ‘" Lump Sum $ 25,000.00 1 $ 25,000.00
Liner Contractor Mobilization/Demobilization " Lump Sum $ 5,000.00 1 s 5,000.00
jecL ™ Acre $__ 17,563.00 30 S 526,890.00
|60 Mil HDPE Textured Acre S 20,440.00 30 S 613,200.00
Freight and Material Taxes ' Included in $/Acre
Soil Cover (21" Acre $ 13,419.00 30 $ 402,570.00
Grading of Waste/Surface Preparation ! Acre s 1,000.00 30 $ 30,000.00
Surveying ‘* Acre S 500.00 30 s 15,000.00
Stone Mulch " Acre s 940.00 30 $ 28,200.00
Subtotal s 1,645,860.00
Stormwater Controls
[Channet Excavations ¥ LF 3 2.00 2500 $ 5,000.00
Riprap Channel Granular Filter (run-on control) ® CcY s 10.00 1400 s 14,000.00
Riprap Channel Riprap (run-on control) ® CY 3 50.00 2100 3 105,000.00
Downchute Pipe LF 3 57.50 400 $ 23,000.00
Inlet Boxes ) EA s 2,500.00 2 5 5,000.00
Subtotal s 152,000.00
Other: (List)
Engincering Site Evaluation ¥ LS S 10,000.00 1 s 10,000.00
Design, Specification & CQA/CQC Manual LS $  50,000.00 1 s 50,000.00
Project Mgmt. & QA/QC, Oversight Acre S 2,500.00 30 $ 75,000.00
QA/QC Testing ¥ Acre s 500.00 30 s 15,000.00
QA/QC Reporting ! Acre s 300.00 30 s 9,000.00
Subtotal - Other s 150,000.00
TOTAL $ 1,947,860.00
NOTES:

1 - Total cost estimates are adjusted to relect 2005 third-party dollars with cstimated job specific adjustments.
2 - Foundation layer placed as part of daily/intermediate cover.
3 - 2005 Means Guide Estimated Costs. Some costs are adjusted to reflect local conditions and criteria.

4- Estimates
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TABLE 2
Wasatch Regional
POST-CLOSURE COST ESTIMATES SUMMARY

LENGTH OF CLOSURE ACTIVITIES: 30 YEARS
30-YEAR

FINAL CLOSURE COSTS TOTAL
Closure Certification S 2,000
MAINTENANCE COSTS COST/YR
Security, fencing, gates, signs, access, cic. $ 1,2501(8 37,500
Erosion repair, sctilement repair, revegelation $ 12,000]8 360,000
Surface water control maintenance (run-on/run-off) $ 40008 120,000
Storm Drainage Pipe Maintenance and Repair $ 1,500(3%§ 43,000
Leachate collection system $ 1000]8 30,000

Subtotal s 592,500

# OF # OF FREQ/| COST/ COST/

MONITORING COSTS WELLS/PTS. | SAMPLES| YR [SAMPLE| YEAR
Groundwater Monitoring
3rd Party/Sample Collection 2 2018 800 | § 3,200
Lab Analysis 2 20| 1,500]3 6,000
Statistical and Reporting 2 2018 1,000 8 4,000
Storm Water Monitoring 1 208 1,000]8 2000
Landfill Gas Monitoring 40]S8 1000]8 4,000
Administration Oversight $ 20,000

Subtotal $ 39200 § 1,176,000
Total $ 1,770,500
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Wasatch Regional
CLOSURE/POST-CLOSURE CARE COST ESTIMATE
SIZE OF CLOSURE AREA: 30 ACRES
TOTAL CLOSURE COSTS $ 1,947,860.00
TOTAL POST-CLOSURE COSTS $ 1,770,500.00
TOTAL COST ESTIMATES: B 3,718,360.00
NOTES:

1 - Cost estimates are adjusted to relect 2005 third-party dollars.
2 - Corrective actions are currently not occurring on-site.
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BN T 8 2505
ALLIED WASTE SERVICES 05.0 20}4

UTAH DIVISION OF
SOLIN & HAZARDOUS WASTE

June 8, 2005

Dennis R. Downs

Utah Department of Environmental Quality
Division of Solid and Hazardous Waste
288 North 1460 West

Salt Lake City, UT 84114

RE: Wasatch Regional Landfill, Inc.
Response to Class V Landfill Permit Modification Review
Request for Additional Information #1 (April 22, 2005)

_ Dear Mr. Downs,
We are submitting for your review the response to the Class V Landfill Permit
Modification Review Request for Additional Information #1 (April 22, 2005) for the
Wasatch Regional Landfill, Inc. facility as prepared by Hansen, Allen & Luce, Inc.

If you have any questions please contact me at 801-924-8485

Sincerely,

-

Lester Lemmon
Operations Manager
Wasatch Regional Landfill, Inc.
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Mr. Dennis R. Downs June 7, 2005
Executive Secretary

Utah Department of Environmental Quality

Division of Solid and Hazardous Waste

288 North 1460 West

P.O. Box 144880

Salt Lake City, Utah 84114-4880

Re: Wasatch Regional Landfill, Inc.
Response to Class V Landfill Permit Modification Review
Request for Additional information #1 (April 22, 20035)

Dear Mr. Downs:

The attached is the response to the Class V Landfill Permit Modification Review Request for
Additional Information #1 (April 22, 2005) for the Wasatch Regional Landfil, Inc. Facility.  This
response has been prepared to provide the addifional information requested foreach comment
resulting from your review of the requested design permit modification as provided in the
*Municipal Solid Waste Landfill Permit Modification Design Engineering Report” dated December
2004 prepared by Hansen, Allen & Luce, inc. Revised pages of the Design Engineering Report,
additional calculations and requested documents are also provided.

Please contact us with any questions or comments you may have regarding the additional
information provided herewith.

Sincerely,
HANSEN, ALLEN & LUCE, INC.

Principal

cc. Kory Colerman, Vice President - Wasatch Regional Landfili, Inc.
Darin Olson, Environmentatl Manager - Wasatch Regional Landfill, inc.
Kirk Treese. Manager - Wasatch Regional Landfill, Inc.
Lester Lemmon. Operations Manager - Wasatch Regional Landfill, Inc,
Kirk Treese. Manager - Wasat



GENERAL COMMENTS

As part of the permit review process, this modification will be made available for public
comment. When drafting changes to the application, it should be kept in mind that this
document might be viewed by individuals without technical knowledge of landfill design or
operation.

L Please keep in mind the broad audience of individuals that will review the application.

] Note: Reference to the Sections of the Ufah Solid Wasfe Permitting and Management
Rules - R315-301 through 320 will simply be referred to by the Section number, for
example R315-302-2.

The submitted modification is a major modification as defined by SectionR315-311-2. Class V
permit modifications are subject to a fee fo $70 per hour of review time as authorized by the
Appropriations Act SB#1.

° Once the modification is determined complete a 30-day public comment period will be
initiated.

CHAPTER Il - GROUNDWATER

Recharge Estimates
Page II-3 states:

Stephens [1974) indicated in Technical Publication No. 42 (IP42) that the average
percent of precipitation contributing to groundwater recharge for the periphery of the
Northern Great Salt Lake Desert, which include the Lakeside Mountains, is 3%. Specific
recharge was not adadressed for the Lakeside Mountains in TP-42 and a recharge rate of
5% of precipitation for this area was assumed In the model fo be conservative.

Comment #1

As a reference, please include all or the relevant portion of TP-42 to document the
appropriate recharge rate.

.~ Response #1

Submitted with this response is a revised set of calculations for the ground water modeling
effort fo replace the calculations provided in Appendix C of the “Wasatch Regional Landfill
Municipal Solid Waste Landfill Permit Modification - Design Engineering Repornt” dated
December 2004. These calculations include the title page and the relevant figures and
table from TP-42 from which the 3% recharge estimate was obtained.



Hydraulic Conductivity and Model Calibration
Page li-4 states with support of Figure Il-4:

The computed grounadwater levels were less than 2 feet above the observed levels in
three of the six observation points within the southern half of the facility. The computed
levels were less than 2.2 feet below the observed levels at the other three southern
observation points. Therefore, the computed groundwater levels in the southern half of
the facility are considered to be a reasonable representation of actual groundwater
elevations.

Comment #2

The Rules require a minimum of a five-foot separation between the lowest liner and the
historic high ground water level. The ground water model for the southem half of the landfil
over predicted the water levels by 1.8 feet and under predicted water levels by as much
as 2.2 feet. To account for the potential model error, the provided soil compaction
calculation, and the required five-foot separation, the minimum separation between the
liner and historic high groundwater needs to be 8.2 feet. This separation needs to be
documented in the text and drawings contained in the modification.

Response #2

The ground water model has been revised to provide a drain trench located closer to the

east side of the landfill area. Moving the trench closer to the landfill area and providing

a bottom elevation for the trench of 4227 results in minimum separation of 9.5 feet

between the project high ground water and the lowest point in the bottom liner system for

all phases of the landfill. Calculations are aftached to include with the other calculations
- in Appendix C of the Design Engineering Report.

The first paragraph following the discussion titled “Drain Trench” on Page II-5 of the Design
Engineering Report has been maodified to present the results of the modified ground water
model and drain trench design. Also the calculations presented in Appendix D - Floor
Elevations have been modified and are included herewith to replace the original
calculations.

Projected High Groundwater Level
Page II-4 declares:

Maximum grounadwater levels were computed by inserting the recharge data from 1980
to 1983 and the Great Salt Lake elevation from 1985 into the calibrated model.

Comment #3

The modification needs to state the specific elevation above MSL used in the groundwater
model.



Response #3

The highest recorded Great Salt Lake level is at an elevation of 4211.85 in 1985. An
elevation of 4212 was used for modeling purposes. The only other recorded Great Salt
Lake level that was near 4212 occuned in about 1870 and that recorded level was also
just below 4212, The text in Chapter Il was modified to provide the specific maximum
Great Salt Lake level as used in the model.

NOTE: Aftached are revised Figures II-6 and II-7 representing projected ground water
contours with the modified drain trench location to replace the original figures.

Liner System
Page -4 explains the interior slopes will have a 2H: IV slope

Comment #4

It is not clear if the entire liner will immediately be covered with protective soll. The
modification needs to clearly state when protective cover will be applied to the liner and
GCL. If a protective cover is not placed immediately after construction, the modification
needs to include documentation that demonstrates the GCL will not prematurely hydrate
and that the integrity of the liner will be maintained.

v Response #4

In order to provide for the desired stability of the protective soil cover and liner system on
the interior cell slopes and to minimize stresses in the liner system, the protective soil cover
will be placed on the slopes in two phases. Each phase will consist of soil cover
placement to a vertical height of approximately 10 feet. The lower 10 feet will be placed
on the interior slopes at the time the protective soil cover is placed on the landfill floor
area during construction of landfill phases or sub-phase. The final 10 feet (or the
remaining slope areq) will be placed when the first lift of waste is placed adjacent and
above the lower 10 feet of the slope area.

The GCL materials that will be placed on the interior side slopes will consist of needle
punch reinforced GCL materials. These GCL materials are typically manufactured with a
bentonite moisture content around 20%. Test results presented by the U.S. Environmental
Protection Agency ‘Report of 1995 Workshop on Geosynthetic Clay Liners”,
EPA/600/R-266/149, dated June 1996 show that hydration will occur in GCL materials in
direct contact with prepared soil subgrades. The prepared subgrade materials will be
placed and compacted at a maximum moisture content of 4% above OMC. Therefore,
the moisture content of the GCL materials after hydration from moisture contained within
the subgrade soils is expected to be below 100% OMC.

CETCO's Technical Senvices conducted laboratory testing on bentonite material and on
their needle punch reinforced GCL to determine the swelling properties of the bentonite
material under various confining pressures and to determine an approximate confining
strength of the needle punch reinforced GCL. During the tests, the test vessels were filled



with de-ionized water to allow the bentonite material to freely absorb water. Results from
the laboratory tests show that the bentomat (needle punch reinforced) GCL provided a
confining strength equivalent fo a 10.7 Kpa overburden load which is equivalent to about
500 mm (20 inches) of overburden soil. The tests on the bentonite were conducted under
conditions that allowed for free absorption of water within the test apparatus resulting in
complete hydration of the material.

Test data provided by the USEPA show that actual conditions will limit absorption of water
within the GCL to provide a moisture content within the bentonite of less than 100%.
Since the top surfaces of the embankments are designed to drain storm water away from
the liner systems, there should be no added source of water for GCL hydration other than
the moisture used for construction. Based on the test results and the limited hydration that
will occur in the GCL, we feel that the strength properties of the needle punch reinforced
GCL will provide confining strengths similar fo the confining pressures that will result from
placement of the protective cover material. Reports and test data conducted by USEPA
and by CETCO are provided with this response.

All geomembrane materials left exposed for subsequent placement of protective soil
cover will be inspected for damaged areas and repaired prior to placement of additional
protective soil cover materials.

Groundwater Monitoring Wells

R315-308-2 requires any point along the unit boundary shall be within 500 feet of a ground water
monitoring well. A portion of the northemn unit boundary of phase 11 is not within 500 feet of a
monitoring well.

Comment #5

An additional ground water monitoring well needs to be placed along the northem
boundary of phase 11.

Response #5

Sheets 3 and 4 of the drawings have been modified to show an additional monitoring well
located approximately 500 feet to the west of the interior northeast comer of the landfill
(along the north side of Phase 11).

Phage lIl-11 declares that one monitoring well upgradient and two downgradient monitoring wells
have been installed. The following conditions are part of the issued Class V permit.

The Permittees shall modify the Ground Water Monitoring Plan to reflect the installation
of the grounadwater monitoring wells. The modified Ground Water Monitoring Plan shall
be submitted to the Executive Secrefary for review. The modified Ground Water
Monitoring Plan must be approved by the Executive Secretary prior to receipt of waste
ot the.landfill. The modified Ground Water Monitoring Plan must include surveyed as-
builts, well logs, detailed drawings and maps for all the groundwater monitoring wells,
and any necessary changes o the ground water QA/QC Plan, sampling procedures, and



statistical mefhods.
Comment #6

The changes to the Groundwater Monitoring Plan need to be submitted for review.
Response #6

A revised Groundwater Monitoring Plan has been prepared by The Carel Corporation
located in Keller, Texas and submitted by Wasatch Regional Landfill, Inc. to provide foran
intra-well sampling and analysis program. Intra-well sampling is requested due to the
inability to construct a reliable up-gradient monitoring well at the facility.

Measurements of the water levels in the existing boring that was anticipated to provide for
an up-gradient monitoring well constructed west of the Phase 1 area show that reliable
sampling will not be possible. This monitoring well was drilled through approximately 143
feet of gravel sediments and approximately 30 feet additionally into the underlying
bedrock for a total of 173 feet.

Groundwater was not observed during driling, however, the boring was left open for a
couple of days and checked with a water level indicator probe for the presence of
ground water. Ground water was measured at about 154 feet (about 11 feet below the
bedrock surface). We feel that the presence of groundwater was not observed during
drilling because of the slow recharge through the bedrock and the air lifting of drill cuttings
dried the cuttings prior to reaching ground surface. PVC casing and screens were installed
to provide screening that extended to about 158 feet and a blank chamber extending
approximately 5 feet below the bottom of the screen.

A pneumnatic pump was installed in the well on March 24, 2005 to purge the well. During
installation and purging of the well, it was observed that the recovery rate within the well
was extremely slow. The discharge rate for the pump was set to less than 0.1 liter per
minute and we were only able to obtain what would equate to about one well volume
from the ground water surface to the location of the pump at the bottom of the screen.
We returned to the well several hours iater and no recovery had taken place in the well.
Since the well is in the bedrock, the ground water level is below the surface of the
bedrock, and the recharge rate is so slow, we feel that consistently quality samples will not
be possible. Additionally, we feel that all potential monitoring well locations west of the
landfill will vield similar results.

CHAPTER IV - LANDFILL CLOSURE DESIGN

Page IV-1 states:

A final cover system consisting of 60-mil HDPE texfured geomembrane and 2 feet of
cover material is placed above the wasfe mound.

Page 4 of Appendix B includes the design of the final cover system. The design does not include



a GCL.
R315-303-3(4)(A) states:

In no case shall the cover of the final liffs be more permeable than the boftom liner
system or natural subsoils present in the unit.

Comment #7

Since the bottom liner consists of a 60-mil HDPE and a GCL, the final cover design must
include a system that is no more permeable. Accordingly, the standard design of the final
cover needs to include a final cover design that incorporates a product equivalent to the
bottom GCL. If an alternative design is proposed, it must include a detailed demonstration
to show that it achieves the equivalent reduction in infiltration as the standard final cover
system.

Response #7

Figure 6-3a of the "Solid Waste Disposal Facility Criteria - Technical Manual” prepared by
the US Environmental Protection Agency (USEPA) as EPAS30-R-93-017 dated November
1993 requires only that an 18 inch thick infilttration layer meeting a permeability of
1x10° °™/_. overlain by a fiexible membrane liner be constructed where the botftom liner
system consists of a 2-foot thick compacted soil meeting a permeability of 1x107 ™/
overlain by a flexible membrane liner. It is our understanding that this criteria was verified
with the USEPA.

Althoughit is the position of Wasatch Regional Landfill, Inc. that the minimum requirements
would be met by following the requirements presented in the EPA technical manual, a
GCL has been added to the ciosure details as requested by the DSHW in meeting with the
DSHW interpretation of criteria required by 40CFR Part 258.

CHAPTER V - STORMWATER MANAGEMENT
Page V-2 discusses the Areal Reduction Factor based on the Salt Lake City Hydrology Manual.
However, it is unclear how the ARF results were used in the calculation. Does the ARF of 0.96 mean
the storm event rainfall amount was reduced by 4%"?
Comment #8
Please provide a discussion of how the ARF was used in the calculations.
Response #8
The Areal Reduction Factor (ARF) is applied to the precipitation value for each of the
sub-basins to generate peak design flow rates. Therefore, the precipitation value is

reduced by 4% to provide a precipitation value of 6% of the values obtained from the
NOAA atlas.



APPENDIX A

Sheet 8 shows a typical embankment cross section. No slope detail is provided to ensure
drainage away from the disposal cell.

Comment #9
The degree of slope away from the waste cell needs to be included in the drawings.

The modification does not include the drawing to show how the final cover will be tied into
the bottom liner.

Response #9
Sheet 8 has been modified to show a cross slope of 1.0% minimum.
Comment #10

The modification needs to include a typical cross section of showing the final cover liner
and bottom liner tie in.

Sheet 10 Cell Phase Division Berm shows no anchor for the future cell liner.
Response #10

Cross-section 8 on Sheet 4 has been added to show the tie-in.
Comment #11

The modification needs to demonstrate that the HDPE weld alone is adequate to maintain
the integrity of the liner.

Response #11

Welds are tested to be stronger than the geomembrane sheet and all destructive testing
during construction requires that the strengths of the seams exceed that of the sheet
material. The tie-in seam is located on top of the phase division berms between two
adjacent phases and will include a continuous seam along the length of the tie-in. We
recommend destructive tests be conducted every 500 feet along the tie-in seam to
demonstrate strength acceptance.

Stresses during construction and operation should be minimal since the bemms are
sufficiently low that they will be covered with protective soil cover during construction and
will be covered with waste material with the first lift of waste placement. The materials will,
therefore, be self supporting and will not provide stresses beyond the strength of the
geomembrane and the fie-in seam.

APPENDIX B



Page one in the Floor Elevation section in Appendix B contains a table, which includes the
“Separation Between Projected High Ground Water”, The calculations in the table are not clearly
explained. ‘ )

Comment #12

Please provide additional explanation to show how the separation is calculated on page
one of Floor elevations.

Response #12

The table has been corrected and updated to provide clarity and to reflect the conditions
of the modified location for the groundwater drain trench.

Page 21 states:
We recommend that the strength of the proposed synthetic materials and the underlying
soils be verified prior to construction.

Comment #13

To implement this proposal, the QA/QC plan will need fo include the recommended
testing.

Response #13

Page 21 states “The integrity and desired factor of safety may be achieved on the 2:1
slopes by placing the soil protective coverin 10-foot vertical stages or by verifying that the
interface strength between the GCL and underlying soil on the slope is greater than we
have assumed. The literature indicates that a higher strength will most likely apply. We
recommend that the strength of the proposed synthetic materials and the underlying soils
be verified prior to construction.” The design presented in the drawings shows the option
of placing the soil protective cover in 10-foot vertical stages so that the integrity and
desired factor of safety is achieved without the additional testing and verification.

Page 14 states:
This acceleration was adjusted for the stabllity analysis as recommended in the DMG
Special Publication 117 “Guidelines for Analyzing and Mitigating Landslide Hazards in
Cailifornia.” Using this document, an acceleration of 0.092g was used for the stability
calculations assuming a threshold of 15 cm displacement.

Comment #14
The staff has used the RCRA subtitle D (258) Selsmic Design Guidance for Municipal Solid
Waste Facility. However, the staff is not familiar with Publication 117. A copy of the
publication needs to be included in the Modification with a discussion of how it was
applied in the model.

Response #14



Attached is the response provided by Applied Geotechnical Engineering Consultants
(AGEC) and a copy of the requested Publication 117.

Page 15 states:
The testing consisted of penetration resistances, unconfined comypression strength test,
friaxial shear test and direct shear test conducted on undisturbed and remolded soils
samples. Based on these results, previous testing by others and our judgment, sfrength
parameters for each material were selected.

Comment #15

Specific reference to test results and supporting data need to be provided to support
each one of the selected parameters. As one example, strength parameters provided on
page 15 shows the unit weight for waste as 120 pcf. The Class V permit application used
a unit weight of 72.6 pcf for waste. The modification needs 1o include the justification for
using another number.

Response #15

Attached is the response provided by AGEC including a discussion of the parameters
assumed and how those parameters compare with laboratory test results. In all cases the
parameters provided for a consenvative design.

There are also additional areas where parameters may vary from those in the original
permit application. Some of these parameters may include using a unit weight of 80
pounds per cubic foot for waste material in determining loadings on the geonet
component of the leachate collection system. The unit weight assumed is slightty higher
resulting in a heavier loading and more conservative results for the design. Ineach case,
where parameters have been selected, Hansen, Allen & Luce, Inc. and AGEC have
attempted to make assumptions that will result in a conservative design.

Note: Financial Assurance for the landfill will need to be provided and approved prior to
acceptance of waste. As per R315-309-2(3)(q) the closure cost estimate shall be based on the
most expensive cost to close the largest area of the disposal facility ever requiring a final cover
at any time during the active life (Permit Life - 5 years) in accordance with the closure plan.....

Response to Note

Financial assurance estimates will be provided in a separate lefter. We understand that
the financial assurance amount will be required to start the 30 day public comment
period and that the financial assurance mechanism is required 1o be in place prior to
receipt of waste materials.
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675 South Gladiola St.
Salt Lake city. UT 84104
Mr. Dennis Downs April 14, 2005

Executive Secretary

Utah Department of Environmental Quality
Division of Solid and Hazardous Waste

P.O. Box 144880

Salt Lake City, Utah 84114-4880

Re: Ownership Change of Wasatch Regional Solid Waste Management Corp., &
Authorization for Design Permit Modification and Quality Control Plan

Dear Mr. Downs:

This letter is to inform the Utah Division of Solid and Hazardous Waste (DSHW) of the purchase
of Wasatch Regional Solid Waste Management Corp by Wasatch Regional Landfill, inc.,
which is a corporation solely owned by Allied Waste Company.

This letter also authorizes submittal and review of the following which have been prepared
by Hansen, Allen & Luce, Inc.:

AWasatch Regional Landfill Municipal Landfill Permit Modification Design Engineering
Reporte, dated December 2004.

AWasatch Regional Landfill, Inc. 2005 Construction Quality Assurance Construction
Quality Control (CQA/CQC} Plan for Landfill Construction,.@ dated Aprit 2005.

Designated authorized representative for Wasatch Regional Landfill Inc., as per
R315-310-2(4), are::

Mr. Kory Coleman, Vice President
Mr. Lester Lemon, Operations Manager

mailing address at:
675 South Gladiola

Salt Lake City, Utah 84104
(801) 972-4234



Mr. Dennis Downs
April 14, 2005
Page 2

and:

Mr. Kirk Treese, General Manager
Mr. Darin Olson, Environmental Manager

mailing address at:

1111 West Highway 123
P.O. Box 69
East Carbon, Utah 84520

Phone No. (435) 8884418
Fax (435) 8880407

If you have any questions relating to the above information, please contact us at the
above indicated phone number or address.

Sincerely,

WASATCH REGIONAL LANDFILL, INC.

o

Kory Coleman
Vice President

olo Mr. Jeff R. Coombs, Tooele County Environmental Health Supervisor
Mr. Jim Lawrence, P.E., Tooele County Engineer
Mr. Barry Formo, Tooele County Building Official
Ms. Nicole Cline, Tooele County Planning
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Mr. Ralph Bohn December 27, 2004
Utah Department of Environmental Quality

Division of Solid and Hazardous Waste

288 North 1460 West

P.O. Box 144880

Salt Lake City, Utah 84114-4880

Re:  Wasatch Regional Solid Waste Landfill Facility
Design Engineering Report for Design Permit Modification

Dear Mr. Bohn:
As requested by Mr. Darin Olson of ECDC Environmental, we are transmitting herewith are two
copies of the Design Engineering Report for a Design Permit Modification request for the above

referenced project. The report is submitted for your review and permit modification approval.

Please contact us with any questions or comments you may have regarding the information
contained herein.

Sincerely,
HANSEN, ALLEN & LUCE, INC.

Kent C. Staheli, P.E.
Principal

cc. Darin Qlson, ECDC Environmental L.C.



WASATCH REGIONAL LANDFILL

MUNICIPAL SOLID WASTE LANDFILL
PERMIT MODIFICATION
DESIGN ENGINEERING REPORT

Project Engineer

Prepared by:

HANSEN, ALLEN & LUCE, INC
Consulting Engineers
6771 South 900 East
Midvale, Utah 84047

(801) 566-5599

December 2004
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CHAPTER |
INTRODUCTION

Hansen, Allen & Luce, Inc. was retained to provide engineering services for a proposed design
permit modification at the Wasatch Regionallandfill to be located west of the Great Salt Lake
within Sections 32, 33 and 34 of Township 2 North, Range 8 West, Salt Lake Base and Meridian
and within sections 3 and 4 of Township 1 North, Range 8 West, Salt Lake Base and Meridian.
The facility property and adjacent properties to the east, west and south are currently owned
by the Utah State Institutional Trust Lands Administration (SITLA).

The proposed permit modification will include modifying the current permitted design. Design
modifications include:

1. Providing a ground water interceptor trench to isolate the facility ground water levels
from fluctuations in Great Salt Lake levels and to provide a drain for the interceptor
french.

2. Reducing the landfill operating area.

3. Locating the landfill operating area in the western part of the facility (adjacent to the

west mountains, or Lakeside Mountains) to allow borrow materials o be obtained from
the eastern part of the property. This configuration provides a design with a closer
balance of required cut and fill soil quantities.

4. Modifying the configuration of the leachate collection and removal system and the floor
elevations.

5. Reducing the height and configuration of the waste mound and final closure cap.

6. Moving the location of the proposed ground water monitoring wells.

7. Modifying the storm water run-on control system.

Locations and configurations of other on-site facilities to support landfill operations were
modified to provide a general concept regarding the types of facilities needed. These facilities
include access roads, access control fencing and gates, truck scales, office trailer or building,
maintenance building, leachate management pond(s) to be used after closure, and parking
areas. The locations, sizes and configurations of these facilities are not critical to the design
requirementsassociated with the landfill and its closure. Therefore, it is understood that the types
and locations of proposed support facilities may be modified from those presented.

The facility is in the permitting process as a Class | Landfill site with a future request to modify the
permitto a Class V Landfill. The design provided herein is consistent with the standards of design
required by the Utah Administrative Code 315 for Class | and Class V Landfills and with EPA
40CFR, Title 40, Part 258 Ciriteria for Municipal Solid Waste Landfills. This report provides detailed
information regarding groundwater, landfill design, landfill closure design, and storm water
management.



CHAPTER 1I

GROUNDWATER

PROJECTED FUTURE GROUNDWATER CONDITIONS

Due fo the lack of historical groundwater level measurements, a groundwater model of the
unconsolidated aquifer in the vicinity of the Wasatch Regional Landfill was created in order to
estimate maximum future groundwater conditions. MODFLOW, a modular, three dimensional,
finite difference groundwater model developed by the US Geological Survey (McDonald and
Harbaugh, 1988), was used to simulate groundwater conditions in the area of the landfill.
MODFLOW uses a block centered grid to define the aquifer on a node by node basis. Information
required by MODFLOW includes aquifer top and bottom elevations, aquifer properties such as
hydraulic conductivity, aerial sources and sinks such as recharge and evapotranspiration, point
sources and sinks such as wells and drains, and other boundary conditions such as general head
or fixed head boundaries.

Using a steady state simulation, the model was calibrated to measured groundwater levels below
the landfill site (obtained in 2003 from borehole investigations performed by Kleinfelder) by
adjusting hydraulic conductivity values across the model. Precipitation and Great Salt Lake
elevation data from 2000 to 2003 also were used for the calibration. Estimation of the maximum
anticipated groundwater levels was accomplished by entering maximum precipitation data from
1980 to 1983 and the maximum historical Great Salt Lake elevation from 1985 into the calibrated
model and then running a steady state simulation. The steady state assumption in MODFLOW
results in predicted groundwater levels assuming the input conditions remained constant untit the
model inflow and outflow are balanced. Therefore, inputting the maximum Great Salt Lake Levels
and maximum precipitation in a steady state model results in computed groundwater levels
assuming these conditions persisted forever. Development of the MODFLOW model is described
below and is included in Appendix C.

Study Area and Model Discretization

The Landfill site will be located west of the railroad and at the base of the Lakeside Mountains in
Sections 33 and 34, Township 2 North, Range 8 West and in Sections 3 and 4, Township 1 North,
Range 8 West, Salt Lake Base and Meridian (SLB&M). In order to define the MODFLOW model, a
coordinate systerm was established running parallel with section lines, with the northeast corner of
Section 28, Township 2 North, Range 8 West, SLB&M coinciding with the point x=>5,000 feet and
y= 23,000 feet in the coordinate system. The x-axis increases o the east and the y-axis increases
to the north. The model grid contains 46 rows and 74 columns consisting of square cells with 500
feet per side. The west edge of column 1 coincides with the coordinate x=0 feet and the north
edge of row 1 coincides with y=23,000 feet. The active cells in the model grid are shown on
Figure 1I-1 with row and column numbers labeled. The western boundary of active cells in the
model coresponds to where the unconsolidated deposits meet the bedrock of the Lakeside
Mountains. The eastern boundary corresponds to the approximate normal pool elevation of the
Great Salt Lake. The northern and southern boundaries of the model were chosen at least 1 mile
north and south of the landfill site to avoid boundary effects on the target area to be modeled.
The groundwater aquifer is modeled as a single layer.

-1 June 2005 Revision
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Boundary Conditions

The western boundary is modeled as a specified flux boundary using positive flow rafe (injection)
welis to simulate recharge to the unconsolidated aquifer from the bedrock and from runoff in the
mountain streams of the Lakeside Mountains. The streams or drainages associated with the
Lakeside Mountains are ephemeral providing runoff only during precipitation events. The eastemn
boundary is modeled as a specified (fixed) head boundary simulating the influence of the Great
Salt Lake on the aquifer. Under existing conditions used for calibration of the model with the lake
elevation at 4,195 feet, the lake boundary is at approximately x=37,000 feet (column 74) using
the model coordinates. Under projected future high lake level conditions (estimated at 4,212
feet), the lake boundary is at about x=16,000 feet (column 32). The northern and southern model
boundaries are modeled as no-flow boundaries simulating the west fo east flow of groundwater
as indicated in Technical Publication No. 42 (Stephens, 1974) published by the U.S. Geological
Survey {USGS).

Layer Elevations

Top elevations of the model were determined using topographic contours from the Badger Island
NW, Craner Peak, Delle, and Poverty Point USGS 7-1/2 minute quadrangles. Borings performed by
Kleinfelder in 2003 indicate that the thickness of the unconsolidated deposits beneath the landfil
site is at least greater than 52 feet. Additional borings completed by Applied Geotechnical
Engineering Consultants in October 2004 indicate the thickness of the unconsolidated deposits
to be 140 feet in the valley area of the Lakeside Mountains west of the landfill area. The bottom
elevations of the model are assumed to be 100 feet below the top elevations on the west side of
the model and are assumed to transition to 400 feet below the top elevations on the east of the
model. The thickness of the unconsolidated aquifer is almost certainly greater than 400 feet on
the east. However, the aquifer properties were modeled using hydraulic conductivity. Therefore,
water levels computed by the model will be controlled mainly by the hydraulic conductivity and
the bottom elevation should not have a significant impact on model results.

Great Salt Lake Elevations (Fixed-Head Boundary)

Elevations for the Great Salt Lake were obtained from the USGS Water Resources for Utah website
(ut.water.usgs.gov). Near the end of 2003 when groundwater elevations below the landfill site were
obtained, the elevation of the Great Salt Lake was about 4,195 feet. The historical high level of
the Greot Salt Lake of about 4,212 feet occurred twice in the historical record. The first time was
between 1870 and 1875 and the second time was after the high precipitation years of 1980 fo
1983. Based on this information, the maximum Great Salt Lake level is assumed to be 4,212 feet,

Evapotranspiration

Because of the arid conditions on the west side of the Great Salt Lake, a significant amount of
groundwater is removed through evapotranspiration. Based on the presence of mud flats and
other surface features, it was assumed that evapotranspiration occurs throughout the model east
of the landfill site. The rate of evapotranspiration was estimated to be about 12 inches/year with
a maximum evapotranspiration depth of about 5 feet below ground surface, The rate of
evapotranspiration was obtained from data generated in EPA's HELP model which uses local
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temperature and solar radiation type climatological data, vegetative cover and soil types in
generating the rate of evapotranspiration.

Recharge Estimates

The principal source of groundwater recharge to the unconsolidated aquifer was assumed o be
the Lakeside Mountains to the west in the form of infitration from runoff in mountain streams and
movement of groundwater from the bedrock into the unconsolidated aquifer. Stephens (1974)
indicated in Technical Publication No. 42 (TP-42) that the average percent of precipitation
contributing to groundwater recharge for the periphery of the Northemn Great Salt Lake Desert,
which include the Lakeside Mountains, is 3%. Specific recharge was not addressed for the
Lakeside Mountains in TP-42 and a recharge rate of 5% of precipitation for this area was assumed
in the model to be conservative. Copies of the relevant portions of TP-42 are included in the
model calculations in Appendix C.

Precipitation data were obtained from the Western Regional Climate Center website maintained
by the Desert Research Institute (www.wrcc.dri.edu). Using the four closest precipitation stations,
the annual precipitation fromn 2000 to 2003 was about 6.7 inches and the annual precipitation
from 1980 to 1983 was about 15.9 inches. Table II-1 summarizes the precipitation datfa for these
two time periods.

TABLE §I-1
PRECIPITATION DATA SUMMARY
Annual Precipitation (inches) by Station Estimated
Yeor iﬂg‘:ﬁr Grantsville Knolls 10 NE U;r;:’t:‘;t:sf Pre[ic;lg:::;on
1980 15.73 12.67 X X
1981 13.07 13.06 X X
1982 16.55 18.45 X X
1983 16.50 20.78 X X
Average 15.5 16.2 X X 15.9
2000 X 11.85 3.78 *x
2001 X ** *x 6.09
2002 X 7.08 *x 6.96
2003 X 6.92 5.0 8.24
Average X 8.6 4.4 7.1 6.7

X Station period of record does not include this year
**  Data was missing for 1 or more months during this year

Recharge from the mountains was divided info three recharge areas as shown on Figure lI-2. The

North Recharge Area consists of the Carter Canyon Drainage. The Central Recharge Area consists
of the eastern drainages of the Lakeside Mountains south of Carter Canyon and north of Dead
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Cow Point. The South Recharge Area includes the drainage area of the Lakeside Mountains south
of Dead Cow Point fo the limits of the study area.

Five percent of the precipitation was multiplied by the area of each recharge area to determine
the total recharge volume to the study area. This resulted in a total recharge volume of 1 63 acre-
feet/year for cdlibration (2000 to 2003 precipitation data) and a total recharge volume of 385
acre-feet/year for estimation of maximum groundwater levels (1980 to 1983 precipitation data).
This recharge was inserted in the form of injection wells across the west side of the model with the
distribution of recharge rates based on location of canyon mouths and the recharge area tributary
to the canyon mouths.

Hydraulic Conductivity and Model Calibration

The hydraulic conductivity was assumed fo vary in the model by location based on influences from
mountain drainages, mud flats, or the Great Salt Lake. An initial hydraulic conductivity was
assumed based based on typical values for the soil types provided in the Kieinfelder geotechnical
report. The soils consist primarily of sands, silts and clays with some gravels mixed with sitts and
sands. “Hydrology - Water Quantity and Quality Control” presents a fypical range of hydraulic
conductivity values for sands, silts and clays between 0.3 feet/day and 30 feet/day. During
calibration, an initial value of 7 feet/day was assumed (which is on the low side of the middle of
the range of values) and the hydraulic conductivity in each zone was adjusted until the computed
groundwater levels in the model approximately matched the measured groundwater levels from
the 2003 Kleinfelder borehole data. Precipitation data from 2000 to 2003 and Great Salt Lake
elevation data from 2003 were used during calibration. The hydraulic conductivity zones and
calibrated hydraulic conductivities are shown on Figure 1I-3.

Figure II-4 shows the calibrated groundwater levels with the locations of groundwater observations
from the boreholes drilled in 2003 by Kleinfelder. Also shown on Figure Il-4 are the observed
groundwater levels, computed groundwater levels, and the residual between the computed and
observed groundwater levels. Computed water levels were within 2 feet of the target value in
seven of the eleven observation points and were within 3 feet of the observed value in all but one
observation point.

Since the south half of the landfill will be constructed first, the strength of the calibration in this area
is of most importance. The computed groundwater levels were less than 2 feet above the
observed levels in three of the six observation points within the southern half of the facility. The
computed levels were less than 2.2 feet below the observed ievels at the other three southemn
observation points. Therefore, the computed groundwater levels in the southern half of the facility
are considered fo be a reasonable representation of actual groundwater elevations.

There are five observation points in the northem half of the facility. Computed groundwater
elevations in two of these were below the observed levels by 1.2 and 2.6 feet. The computed
groundwater levels were 1.4, 2.6, and 4.5 feet above the observed values in the other three. The
computed groundwater levels in the northern half of the facility are also considered to reasonably
represent actual conditions, but the calibration may not e as close as for the southern half of the
facility.

Projected Maximum Groundwater Levels
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Maximum groundwater levels were computed by inserting the recharge data from 1980 to 1983
and the recorded Great Salt Lake elevation of 4212 from the year 1985 into the calibrated model
and then running the model under sfeady state conditions. Using the highest level of the Great
Salt Lake and recharge from the highest observed precipitation values in a steady state model
would represent the historical worst case scenario for the iandfill area. The computed maximum
groundwater levels are shown on Figure |I-5

Drain Trench

The computed contours shown on Figure II-5 indicate that maximum groundwater levels will be
very close to the ground surface in the eastern haif of the landfill site. In order to control the
groundwater levels under maximum conditions, a drain french is proposed fo be constructed east
of the landfills at the site. The drain trench will have a bottom width of 10 feet or more with 3H: 1V
(horizontal to vertical) or flatter side slopes and will have a bottom elevation of about 4,227 feet
or lower. This bottom elevation was chosen to provide a minimum separation of 9.5 feet between
the bottom of the iandfill and the maximum groundwater level at all locations. This trench was
modeled as a drain in the MODFLOW model in column 8:rows 12-16, column Q:rows 16-20,
column 10:rows 20-25, column 11:rows 25-29, and column 12:rows 29-32 of the mode! grid. The
maximum computed groundwater levels with the drain trench in place are shown on Figure II-6.
The model demonstrates that construction of the drain trench will maintain lower groundwater
levels even under projected maximum conditions.

Because the entire landfill would not be constructed at one time, the construction of the drain
trench can be staged to coincide with landfil construction and operation. The first stage of drain
trench construction may extend from the south end of the trench to the location of the drain outlet
located east of the first phases of landfill construction. This location of the trench is in column 14
and rows 24 through 32 in the MODFLOW model. The computed maximum groundwater levels,
with the first stage of the drain trench in place (shown on Figure 1i-7), demonstrate that during
construction of the southern portion of the landfill, the first stage of the drain french will maintain
the lower groundwater levels used for the first phases of landfil design. The first sfage of drain
trench construction is expected to occur during construction and operation of the first landfill area
presented in Chapter lll. Construction of the drain trench will continue as construction fil materials
and daily cover materials are needed.

Additional borrow materials for construction and daily cover for the entire landfili area will be
obtained from the borrow area presented on the drawings to be an extension of the drain french.
This large borrow area will provide additional groundwater drainage and a larger evaporation zone
for groundwater that will result in a decrease in groundwater levels below the levels projected by
the MODFLOW model. Although excavation of the drain trench will occur as materials are needed
for construction and operation, construction of the outlet will not be necessary until groundwater
levels rise 1o the level of the bottom of the trench or until precipitation runoff begins fo accumulate
in the trench.
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CHAPTER Ill

LANDFILL DESIGN

This section presents the general layout and design concept for the landfill and also presents
more specific design information for the floor layout, leachate collection and removal system
components and interior runoff containment. Reference should be made fo the design
drawings in Appendix A, geotechnical report in Appendix B, and calculations provided in
Appendices D and E throughout this section.

GENERAL LAYOUT AND DESIGN

The facility consists of a landfill area formed by raised embankments along the east, north and
south sides and the hill slopes along the west side of the facility. Berms are provided at a
spacing of 950 feet extending from the east embankment to the west through the landfilt area.
These berms separate the cell into eleven individual phases or leachate management areas
designated as phase 1 through phase 11 (phase 1 being the southernmost area and phase 11
the northernmost area). The sump and floor areas of each phase are designed with identical
sump sizes, elevations, and floor configurations. Approximate operational areas provided by
each phase are provided in Table lii-1.

TABLE llI-1
LANDFILL PHASE OPERATIONAL AREAS
OPERATIONAL AREA OPERATIONAL AREA
PHASE (acres) PHASE (acres)
1 67.2 7 93.4
2 74.1 8 92.3
3 79.6 ? 130.3
4 54.6 10 41.1
5 55.7 11 44.6
6 60.2 TOTAL 793.1

The overall landfill capacity (waste mound) above the protective soil cover material placed
above the lining system is about 160 million cubic yards. Assuming a daily cover quantity of 18
percentof the landfill capacity, provides for 131.2 million cubic yards of net waste capacity and
a daily cover requirement of 28.8 million cubic yards. A summary of cut and fill estimated
quantities are provided in Table Ill-2.
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TABLE HlI-2
CUT/FILL MATERIAL QUANTITY ESTIMATES

MATERIAL QUANTITIES
DESCRIPTION (cubic yards)
Available Cut
Cell Areq
From Consfruction 20.1
Clearing & Grubbing 0.7
Net Usable Cut From Cell Area 19.4
Borrow
Total Cut 18.7
Clearing & Grubbing 0.5
Net Usable Cut From Borrow 18.2
Total Available Cut 37.6
Required Fill
Embankment and Subgrade Construction 4.3
For Protective Soil Cover 2.7
Daily Cover 28.8
For Ciosure 3.0
Total Required Fill 38.8
Net Cut/Fill Balance (additional cut heeded, potential 1.2
import)

Design of the landfill area also allows for phased construction within each of the designated
leachate management phases to meet ongoing capacity demands for the facility and fo
minimize capital expenditures based on cell capacity needs. It is anticipated that the first
construction sub-phase will be approximately 20 acres (with approximately one milion cubic yards
of capacity) and will occur in the extreme southeast cormer of the landfill area (east end of Phase
1). Subsequent construction sub-phases will extend toward the west as extensions of existing
leachate management phases or toward the north into additional leachate management
phases. The first sub-phase of construction for each leachate management phase will occur at
the eastern end of the phase (af the sump location) to provide a system for leachate coliection
and removal. Details showing the concept of how construction sub-phases may end and how
the tie-in for subsequent sub-phases may occur are presented in the drawings. These details
present the concept only and it is expected that construction sub-phases and subsequent tie-in's
will vary as ideas for tie-in's change. The important components for ending construction sub-
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phases are to provide for runoff containment and a continuous liner and leachate collection
system.

FLOOR ELEVATION AND SLOPES

Projected future groundwater elevations presented in Chapter It and estimated setilement values
presented in the geotechnical report previously submitted by Kleinfelder provided the basis for
setting the lowest points (sumps) for the leachate management phases. Projected future
groundwater elevations using a drain trench were used for design purposes. Estimated sefflement
values were also used to estimate differential settiement that may occur along the floor in
establishing design slopes.  Seftlement projections from deeper borings provided in the
Geotechnical Investigation by Applied Geotechnical Engineering Consultants (AGEC), included
in Appendix B, are less than those provided by Kleinfelder. Setflement projections provided by
AGEC were received after the cell design was nearly complete. Therefore, the projections
provided by Kleinfelder were used for setting floor elevations and slopes resulting in @ more
consenvative design.

The low point for each leachate management phase was established to provide a minimum
separation between the liner system and the modeled projected future ground water surface of
5 feet after accounting for potential setiement. Kieinfelder projected the future setfiement to be
2% to 3% of the fill height above the existing ground surface in the eastern portions of the facility
and 1% to 2% of the fill height above the existing ground surface in the western portions of the
facility. There will be an estimated fill height of about 20 feet to 30 feet above the existing groung
surface at the location of the low point (or sump areq) for each phase. Therefore, the projected
sefflement at these locations is 1 foot or less. A minimum separation of 9.9 feet between the liner
system and the projected groundwater surface has been provided to account for setiement, and
the margin of accuracy in the ground water model.

Minimum slopes used for design after accounting for potential differential settiement are: 1) Two
percent minimum for the planar floor surfaces; and 2) One percent along leachate conveyance
pipes. Differential settiement was estimated by determining the projected settiement resulting
from an increase in fill height progressing up gradient along the width of the planar floor surfaces
and up gradient along the leachate conveyance pipes. Slopes were then increased to account
for the calculated potential differential settiement. The resulting design slopes are:

1) 2.75 percent for planar floor surfaces sloping downward toward the leachate
collection pipes.

2) 1.0 percent for leachate conveyance pipes along the toe of inside 2H:1V slope of
the east embankment sloping downward toward the sumps. These pipes paraliel
the contours of the fill such that there negligible change in fil height along the
length of the pipes.

3) 1.7 percent downward toward the sumps for leachate conveyance pipes located

below the 4H:1V closure cap slopes and extending to the west along the valleys
created by the planar floor surfaces.
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4) 1.2 percentdownwardtoward the sumps forleachate conveyancepipes located
below the 5 percent closure cap siopes and extending to the west along the
valleys created by the planar floor surfaces

EMBANKMENTS

The east embankment has a constant top elevation of 4265 which is approximately 15 feet to
20 feet above the existing ground surface. The north and south embankments join with the east
embankment at the northeastand southeast corners of the landfill area and extend west toward
the west mountain area (Lakeside Mountains). An upward gradient of 1.3 percent was provided
for the north embankment and upward gradients of 1.5 percent and 5 percent were provided
for the south embankment (changing slope about half way along the embankment) toward the
Lakeside Mountains. A top width of 25 feet has been provided for the raised embankments with
2H:1V interior slopes and 3H:1V exterior slopes.

The western boundary of the landfill area is formed by the eastern slopes of the Lakeside
Mountains. Embankment fill material will be placed on the existing mountain slopes to provide
an appropriate subgrade surface for placement of the lining materials. A horizontal width of
about 25 feet will be provided at the top surface of the embankment fill to provide the needed
width for construction (including placement of the synthetic lining materials), access around the
west side of the landfill during operation, and for storm water management of precipitation
run-on from the eastern slopes of the mountains and runoff from the west slopes fo the closure
cap. A 2H:1Vslope will be provided for the west inside slope along the western boundary of the
landfill areq.

LINING SYSTEM

A composite liner system is proposed for the landfill cell disposal area consisting of a
Geosynthetic Clay Liner (GCL) overlain by a 60-mil HDPE goemembrane iiner. The GCL is
proposed in place of two feet of compacted clay liner (CCL) with a permeability no more than
1x107 cm/sec.

An extra GCL and 60-mil HDPE geomembrane are proposed for placement in the sump areas
directly above the GCL and HDPE geomembrane placed across the rest of the cell area. This
extra GCL and goemembrane provides added protection against leakage in the sump areas.
Geosynthetic materials placed on the interiorslopes of the cell will consist of needle punch (or
equivalently reinforced) GCL and textured geomembrane. Geosynthefic materials placed
across the cell floor may be non-reinforced GCL's and smooth goemembrane.

Geosynthetic Clay Liner (GCL)

Hydraulic equivalency calculations were completed to provide a comparison between the
performance of a GCL compared to two feet of a compacted clay liner. Permeability testing
for the GCL materials was also completed using ground water obtained from a piezometer at
the site and using permeant generated from leaching water through soils obtained from various
locations of the site.
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GCL Hydraulic Equivalency. Equivalency calculations were completed using comparisons
between the permeability values and bentonite thickness data for the GCL as compared to two
feet of CCL with a permeability of 1x107 cm/sec. Procedures used for this evaluation are based
on a technical paper published by R.M. Koerner entitled “Technical Equivalency Assessment of
GCLl's to CCL's.” Table [iI-3 provides a comparative tabulation of required permeability and
hydrated thickness values required for the GCL materials to show equivalency with two feet of
CCL at a permeability of 1x107 cm/sec. GCL materials used for construction shouid be tested
and cetified to demonstrate a combination of thickness and permeability characteristics
presented in the table.

An equivalency evaluation was also made using the Hydrologic Evaluation of Landfill
Performance (HELP) computermodel developed by the U.S. Environmental Protection Agency.
Results from the HELP model show a leakage rate through the bottom lining system of 0.375
cubic feet per year using CCL material meeting minimum regulatory requirements and 0.169
cubic feet per year using a GCL of equivalent hydraulic characteristics to the CCL material.

TABLE 1II-3
COMPARATIVE VALUES FOR GCL'S FOR
HYDRAULIC EQUIVALENCY WITH CCL'S

Permeability Thickness
(cm/sec) {rm) (cm) {inches)
1.9x10° 4.0 0.40 0.157
2.4x10° 5.0 0.50 0.197
2.9x10° 6.0 0.60 0.236
3.4x10° 7.0 0.70 0.276
3.8x10° 8.0 0.80 0.315
4.3x10° 9.0 0.90 0.354
4.8x10° 10.0 1.00 0394
5.2x10° 11.0 1.10 0.433
5.7x10° 12.0 1.20 0.472
6.1x10° 13.0 1.30 0.512
6.6x10° 14.0 1.40 0.551
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GCL Ground Water and Leachate Compatibility.

Compaitibility tests were conducted by an independent laboratory for CETCO (a manufacturer
and supplier of GCL materials) and by AGEC using ground water obtainedfrom below the site
and using leachate generated using soils obtained from the site. The compatibility tests were
conducted to determine if the sodium content in the ground water and in the soils to be used
for construction will reduce the integrity of the GCL.

Leachate generated from soils obtained at the site was used to conducta 30-day permeability
test by the independent laboratory for CETCO. The test results show a permeability of about
5x107° cmy/sec.

Tests were also conducted by AGEC to determine the compatibility of GCL materials with the
groundwater at the site and with soils that will potentially be used for construction. Atterberg
limits were first obtained to determine the plasticity of the bentonite material obtained from GCL
samples of two suppliers. Atterberg limits were determined using distilled water, a sample of
groundwater obtained from a piezometer at the site, and from leachate water obtained from
four soil samples at the site. A permeability test was then conducted on the GCL material that
appeared fo be impacted the most by the groundwater and water leachates and using
leachate from the soil sample showing the greatestimpact on the GCL material. This was done
to obtain worst case results from the available material and water samples. Leachate from
AGEC's soil sample A had the greatest impact on the Atterberg limits. A permeability of
1.5x10° cm/sec. was obtained from the permeability test conducted which is a better value than
the values listed in the table. This is also a lower value than the GCL permeability specification
of 5x10° cm/sec published by the two suppliers. Test results are provided in the Geotechnical
Investigation report included as Appendix B.

HDPE Geomembrane Liner

HDPE geomembrane is proposed for use as the synthetic liner system above the geosynthetic
clay liner. The floor area will consist of 60-mil smooth HDPE geomembrane and the interior
slopes and phase division berms inside the landfill area will consist of 60-mil textured HDPE
geomembrane to increase slope stability for materials placed on the side slopes above the
HDPE geomembrane.

LEACHATE COLLECTION AND REMOVAL SYSTEM (LCRS)

A leachate collection and removal system (LCRS) will be constructed consisting of geonet
placed directly over the HDPE geomembrane liner system overlain by non-woven geotextile filter
fabric. Perforated leachate conveyance pipes will be placed in the valley areas formed by the
planar surfaces of the floor area. These leachate conveyance pipes will collect and convey
leachate from the cell floor to the sumps for removal. EPA's computer HELP model was used to
obtain leachate quantities for design of the LCRS.

HELP Model

EPA's Hydrologic Evaluation of Landfill Performance (HELP) model is a quasi-two-dimensional
hydrologic computer model used for conducting water balance analyses of landfills, cover

-6



systems and other solid waste containment systems. The model accepts weather, soil and
design data, and uses solution techniques that account for the effects of surface storage,
snowmelt, runoff, infiliration, evapotranspiration, vegetative growth, soil moisture storage, lateral
subsurface drainage, leachate recircuiation, unsaturated vertical drainage, and leakage
through soil, geomembrane and/or composite liners.

Climatologic data (precipitation, evaporation, solar radiation, and temperatures) for the
modeling effort were obtained from default data contained within the HELP model software
coresponding fo the Salt Lake area. Climate data used were compared with average
temperature and precipitation data reported for Dugway and the Saltair Salt Plant in the Western
Regional Climate Center database. In general, the comparison of data showed the model
generated data to be slightly conservative, but compared closely with data from Dugway and
the Saltair Salt Plant. This result is a conservative, but reasonable, projection of leachate rates
for design of the LCRS.

Six layers were defined in the help model corresponding to municipal waste material, soil cover,
non-woven geotextile, geonet, HDPE geomembrane and GCL to represent the open cell area.
An additional three layers were added above the waste consisting of HDPE geomembrane, soil
cover material, and the erosion protective layer to represent closed portions of the landfill.
Model default data were used to define the physical properties of the individual design layers.
Leachate quantities were generated forthe landfill assuming no waste, and waste thicknesses
of 10 feet, 50 feet, 100 feet, and 200 feet to simulate various stages of landfill operation. Table
lli-4 provides the leachate quantity values generated by the HELP model that were used for LCRS
design.

TABLE llI-4
HELP MODEL GENERATED LEACHATE RATES
. Peak Daily Leachate Annual Average Leachate
Waste Height

(feel) (inch) (gal./acre) (inches) (gal./acre)

No Waste 0.13¢9 3,774 1.613 43,797

10 0.215 5,838 2.702 73,366

50 0.209 5,675 2.702 73,366

100 0.242 6,571 2.702 73,366

200 0.222 6,028 2.702 73,366

Geonet

Geonet will be placed on the planar surfaces of the cell floor to collect and convey leachate
from the floor area to leachate conveyance pipes that convey the leachate to the sumps for
removal. The peak daily leachate rate of 0.242 inches was used to determine the required
geonet capacity. Designing the geonet assuming a one-foot wide section of geonet extending
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from the leachate conveyance pipe to the upper end of the widest planar surface will provide
the longest flow path and a typical design that can be applied to all areas of the floor.

The longest flow path in the geonet is between 130 and 140 linear feet which is the floor surface
adjacent to the leachate conveyance pipe extending west of the center of the sumps. Using
the 140 feet of flow path length and a one-foot width gives a leachate area of 140 square feet.
Applying the leachate rate of 0.242 inch to the leachate area gives a project leachate flow
through the geonet of 2.82 ff/ft-day.

Designing with Geosynthetics, by Robert Koerner, suggests several safety factors that will be
applied the the leachate rate to obtain a design capacity for the geonet. These safety factors
include: 1) a safety factor for intrusion of adjacent geosynthetics into the geonet (SF,=1.5); 2)
a safety for creep deformation of the geonet (SF.,=1.5); and 3) a a safety factor for biclogical
and chemical clogging (SF...=2.0). Koerner also recommendsa safety factor for the design-by-
function concept (SF,=1.5) to be included as an additional safety factor to obtain a resulting
safety factor (SF.,= 1.5x 1.5 x2.0x 1.5 = 6.75) to be used for design of the geonet. Applying
this resulting safety factor to the leachate rate gives a designleachate rate of 19.03 f/ft-day.
A required geonet transmissivity of 1.023 x 1 0 m¥sec was obtained using the design leachate

rate.

The overburden loading, hydraulic gradient, and the boundary conditions for the geonet have
a large influence on the transmissivity. Estimated overburden loadings vary from about
2,500 pounds per square foot (psf) above the sump to about 10,000 psf at the breakline of the
closure cap from the 4H:1V slopes to the 5% slope, to about 20,000 psf along portions of the
west side of the closure cap. There is a variety of manufacturers, thickness, and types of geonets
with different structural and transmissivity characteristics. Geonets installed as part of the LCRS
should be tested prior to installation and laboratory results should be provided by manufactures
to demonstrate that fransmissivity values are equal to or greater than 1.023 x 10° m?¥sec at the
estimated loading, boundary, and hydraulic gradient conditions for each construction phase
of the landfill.

Geotextile Filter Fabric

Criterial published in the “Geotextile Engineering Manual” by the U.S. Department of
Transportation and in “Designing with Geosynthetics” by Robert M. Koerner were used to
determine geotextile filter fabric design for filtering on-site soils from the LCRS. Gradation
properties used for the calculationswere obtained from Klienfilder's geotechnical report of the
site. A filter material consisting of non-woven geotextile filter fabric will be placed above the
LCRS and around the leachate conveyance piping on the cell floor to provide a filter layer
between the soil cover material and the LCRS. Physical properties required for the geotextiles
are summarized in Table llI-5. Physical properties provided in Table llI-5 are available typically
with 8 oz. and 10 oz. non-woven geotextiles.
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TABLE Ili-5
REQUIRED PROPERTIES FOR GEOTEXTILE FILTER FABRIC

Property Standard
Equivalent Opening <0.2 mm (#80 Sieve)
Permeability >10-2 cm/sec

Grab Tensile Strength >200 Ibs. (up to 200 feet of waste pile, 16,700 pcf)
>246 Ibs. (up to 250 feet of waste pile, 20,000 pcf)

Burst Strength 2350 psi

Leachate Conveyance Pipes

Leachate conveyance pipes are designed along the valleys of the cell floor that are formed by
the intersection of the planar surfaces on the floor. These leachate collection pipes receive
leachate from the geonet component of the leachate collection system and convey the
leachate 1o the sumps for removal.

A maximum leachate rate to the pipes was determined using the maximum width offloor area
where leachate will be collected in the geonet and conveyed to the pipes. The maximum
width is 280 feet consisting of 140 feet to the north and 140 fo the south of the center pipe which
extends to the west from the center of each sump. Using the design leachate rate of
0.242 inch/day applied over an area of 280 f* gives a rate of leachate entering the
conveyance pipes of 0.029 gpm per foot of pipe length.

Eighty percent of the maximum flow capacity was assumed for the actual capacity of the pipes
calculated using Manning's equation and a Manning n roughness value of 0.016. Flow
capacity in an 8-inch diameter pipe is 127 gpm which is sufficientcapacity to receive leachate
for up to 4,400 feet of pipe length. Flow capacity in a 6-inch diameter pipe is 59 gpm which
is sufficient capacity to receive leachate for up to 2,000 feet of pipe length. Therefore, for each
cell phase or leachate management areaq, 6-inch diameter or iarger perforated pipe can be
used for the western most 2,000 feet of pipe length. None of the cell phases has a length
greater than 4,400 feet, therefore, 8-inch diameter or larger perforated pipe may be used to
extend from the sumps to the east end of the é-inch diameter (or larger) pipes.

Landfill Leachate Withdrawal Pipes

Leachate withdrawal pipes were evaluated for wall crushing, wall buckling, and ring deflection
using procedures published in “Design and Engineering Guide for Polyethylene Piping” by Rinker
Materials and “Plexco/Spirolite Engineering Manual 2. System Design”, by Chevron Chemical
Co. Overburden loadings were determined based on the loading over the low point (sump) of
the leachate management phases of the landfill. The leachate withdrawal pipes with a
Standard Dimension Ratio (SDR) of 15.5 provide sufficient strength to resist wall crushing, wall
buckling, and will not experience excessive ring deflection.
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Leachate Ponds

Leachate will generally be contained and managed within the landfill and pumped from closed
phases or phases nearing closure to phases where capacity is provided for containment of
leachate. When the distance is too great for leachate to be moved from closed phases to open
phases of the landfill, double lined leachate ponds will be constructed where leachate can be
contained and evaporated or stored for re-circulation, compaction, or dust control in the
landfill.

The proposed leachate pond has top dimensions of 100 feet square, 3H:1V sideslopes and is
approximately 10 feet deep. This provides a storage capacity of 351,300 gallons
(1.08 acre-feet) with one-foot of freeboard and a totai capacity of 433,800 gallons (1.33 acre-
feet) to the top. Results from the HELP model predict a peak day leachate volume froma closed
cell of 225 galions per acre. Based on predicted peak-day leachate volumes generated by
the HELP model for a closed cell, each pond has capacity to contain leachate from 1,560 acres
and maintain one-foot of freeboard.

Leachate pond lining systems will include a composite secondary (bottom] lining system
constructed of GCL overiain by a 60-mil HDPE geomembrane. A leak detection and removal
system consisting of a geonet, a sump, and aleachate withdrawal pipe will be placed above
the secondary lining system. A primary (upper) lining system consisting of 60-mil HDPE
geomembrane will be placed above the leak detection system above which the leachate will
be stored.

RUNOFF CONTAINMENT

Precipitation runoff from the waste material in open areas of the landfill will be contained and
managed within the landfill. Containment areas will be formed on waste surfaces and/or by
maintaining waste set-back areas whererunoff water will be contained between phase berms
and the waste material. Sufficient capacity will be maintained in these areas to contain runoft
from the 25-year 24-hour precipitation event as required by the regulations.

The required containment capacity is determined by obtaining a precipitation runoff depth
using the SCS curve number methodology and applying that runoff depth tathe open area of
the landfill. A 25-year 24-hour precipitation depth of 2.06 inches was obtained from NOAA
Atlas 14. A curve number of 82 was selected to represent conditions within the landfill
representative of the daily soil cover material using on-site soils. On site soils are within the
hydrologic soil group “type B” soils. Surface conditions were assumed fo represent that of a dirt
road (including right-of-way) provided in table 2-2a of U.S. Department of Agricutture Technical
Release 55. A curve number of 82 should be representative, but slightly conservative, since
daily cover materials are typically placed with dozers and landfill compactors that provide
individual depressions across the surface that increases interception storage.

Calculations show a required runoff containment capacity of 0.06 acre foot (2,613 cf) per acre
of open cell area. Therefore, for the first phase of construction the containment capacity for
approximately 20 acres is 1.2 acre-feet ( 52,272 cf). This containment capacity may be
provided in a number of ways including:
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Maintaining a waste set-back from the inside slope of the cell.

Creating a pond area on the waste surface.

Maintaining ditches between the waste and the interior slope of the cells.
Providing separate lined runoff containment storage areas outside the landfiil
operating areaq.

5, A combination of the above or any other method that will provide the required
containment capacity.

hoh=

We recommend that facility operators provide a minimum freeboard of two feet within the
containment areas. Runoff water collected in the containment areas may be re-circulated in
the landfill by using the water for dust control and compaction.

GROUND WATER MONITORING WELLS

Monitoring wells are planned along the eastern side of the landfill area to monitor ground water
quality during the operational life and closure/post closure period for the landfill. Currently,
twelve monitoring wells are planned consisting of eleven monitoring wells down-gradient from
each of the eleven sumps and one monitoring well in the valley area up-gradient from phase
1. The monitoring well up-gradient from the phase 1 area and the monitoring wells down-
gradient from phases 1 and 2 have been installed.

Monitoring well locations were selected to provide approximately 950 feet of spacing between
the wells to allow for ground water monitoring within 475 feet of any point along a line paraliel
to the cell embankment and liner system. The monitoring wells are also located approximately
75 feet away from the bottom exterior toe of the cell embankment to allow for construction,
maintenance, and other equipment to access the embankment and slopes without risking
potential damage to the monitoring wells.

GEOTECHNICAL INVESTIGATION
Applied Geotechnical Engineering Consultants (AGEC) completed a geotechnical investigation

for the specific design. The complete geotechnical investigation report is provided in
Appendix B. Conclusions presented in the report indicate:

1. The natural soil and bedrock at the site are suitable for support of the proposed landfill
disposal facility.

2. Exterior slopes of 3H:1V and interior cut and fill slopes of 2H:1V may be used for the base
of the landfill facility.

3. The natural soil is suitable to use in construction of the proposed embankment.

4. A geosynthetic clay liner (GCL) will provide appropriate stability along with the other
synthetic materials for the interior of the landfill.

5. Permeability tests conducted on the GCL, using worst case conditions from GCL and
permeant samples obtained and generated, resulted in a permeability of 1.5x10°
cm/sec.

6. The subsurface soil investigated under the landfill area during the study by AGEC and
from information presented by Kleinfelder was found to not be susceptible fo liquefaction
at an acceleration with a 5% probability of exceedance within 50 years.
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The conclusionspresented are based on data obtained from the Kleinfelder geotechnicalreport
and from additional soil borings and laboratory testing conducted by AGEC. The report by
AGEC should be referred to for a more detailed presentation of testing conducted, material
strengths, interface friction angles, and stability safety factors under static and seismic
conditions.
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CHAPTER IV
LANDFILL CLOSURE DESIGN

This section presents the general layout and design concept for the landfill closure system and also
presents more specific information regarding stability of the closure system. Storm water
management and erosion protection are presented in detail in Chapter V. Reference should be
made to the design drawings in Appendix A, geotechnical report in Appendix B, and calculations
provided in Appendices D and E throughout this section.

GENERAL LAYOUT AND DESIGN

The final waste mound with the overlying daily cover material provides the sub-grade to the closure
cap system. A final cover system consisting of a Geosynthetic Clay Liner (GCL). 60-mil HDPE
textured geomembrane and 2 feet of cover material is placed above the waste mound. The two
feet of cover material includes soil fill and an erosion protective layer consisting of either six inches
of top soil and vegetation or three inches of stone mulch material. A discussion of the erosion
protection measures is provided in Chapter V. Although the U.S. Environmental Protection Agency
approves a closure system consisting of an 18-inch thick layer of 1 x 10° cmy/sec infiltration layer
overlain by the flexible membrane liner (60-mil HDPE textured geomembrane for this design).
Wasatch Regionai is providing a GCL to comply with the Utah Division of Solid and Hazardous
Waste interpretation of the closure design requirements provided in 40 CFR Part 258.

Closure siopes

Waste mounding and the overlying closure cap extends up on a 4H:1V slope from the top of the
embankments around the perimeter of the landfill area. The waste mound extends up from the
top inside edges of the embankments and the two feet of cover will be placed above this waste
mound. Intermediate benches (25-feet wide) are designed in the 4H:1V slopes to provide for
intermediate storm water collection and conveyance necessary for erosion protection on the
slopes. The east side of the waste mound and closure cap provides grade control for the height
of waste and closure system across the rest of the landfil area. The waste mound rises fo an
elevation of 4365, or 100 feet (with the closure cover at 4367 or 102 feet) above the top of the
east embankment. The waste mound and closure cap then break grade to a five percent slope
extending toward the west.

The north, south, and west slopes extend upward on 4H:1V siopes from the top of the
embankments to intersect with the top surface as it extends west on the five percent slope.
Intermediate benches are also placed in the 4H:1V slopes where slopes are of sufficient length
that the intermediate benches are required for erosion protection.

Sub-Surface Drainage

Some storm water may infiltrate through the cover system and collect on the surface of the HDPE
geomembrane. A drainage system consisting of two parallel perforated drain pipe with @
separation of about 100 feet is provided under the storm water containment berm at the fop of
the east 4H:1V slope and 100 feet up-gradient from the containment berm. The drain pipes are
placed in drain rock with a geotexiile fitter fabric wrap around the drain rock. These pipes are
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provided to drain free water from the soils placed on the top 5 percent slope of the cap above
the HDPE geomembrane. Additional perforated drain pipes will be placed under the bench
drainage ditches iocated on the 4H:1V perimeter slopes.

Sub-surface drain pipes located along the top east side of the 5 percent cap slope convey water
coliected down the top 4H: 1V slope in solid pipe and discharge the water into the storm water inlet
boxes located on the top bench. Sub-surface drain pipes located under the bench drainage
ditches convey the water collected to solid 3-inch down drains and discharge the water collected
at the exterior toe of the cell embankment.

STORM WATER MANAGEMENT

The storm water management system consists of a 5 percent slope at the top of the landfill that
directs precipitation runoff from the top surface of the closure cap foward the east. Runoff water
is then collected and directed fo storm water down drains {or downspouts) consisting of inlet boxes
and parallel 24-inch diameter pipes. The downspouts convey the stormwater from the top of the
closure cap to the exterior toe of the embankment where a drainage channel, connecting storm
drainage pipes, or a combination of drainage channel and storm drainage pipes will convey the
runoff to the storm water basin.

Intermediate benches are located on the 4H:1V perimeter slopes of the closure cap primarily fo
shorten the length of the 4H:1V slopes for erosion control purposes. These intermediated benches
also provide storm water conveyance ditches that convey storm water runoff collected in the
ditches to inlet boxes and to 15-inch diameter downspout pipes located at low points along the
benches. Storm water is then conveyed to the exterior toe of the embankment slopes and
conveyed to the storm water pond in the storm drainage channels and pipes provided for
drainage from the top of the closure cap.

The storm water management system associated with the closure cap is designed for the 100-year
24-hour precipitation event. Design of the storm water management system, including the
hydrology, hydraulic design of the downspout pipes and erosion control associated with the
closure cap is presented in detail in Chapter V.,

STABILITY

The stability of the closure cap design was evaluated by AGEC based on information provided in
the Kleinfelder geotechnical report and on additional soil borings and laboratory testing
conducted by AGEC. The complete geotechnical investigation report is provided in Appendix B.
Conclusions presented in the geotechnical report indicate that natural soils are suitable for
construction of the closure cap and that the closure cap, as designed, has adequate stability
safety factors under both static and seismic conditions.

The report by AGEC should be referred to for a more detailed presentation of testing conducted,

material strengths, interface friction angles, and stability safety factors under static and seismic
conditions.

V-2 June 2005 Revision



CHAPTER V
STORM WATER MANAGEMENT

Channels will be constructed to manage storm water from the Lakeside Mountains west of the
facility. Berms on the closure cap will convey storm water to downspouts that will take the water
off the landfill closure cap. A hydrologic analysis was completed in order to determine peak
flow rates to use for the design of the channels, downspouts and erosion control.

HYDROLOGY

Hydrologic calculations were completed for the tributary areato the landfill and the closure cap
to determine peak runoff for the design. The SCS (Soil Conservation Service) curve number
methodology was used in conjunction with the Army Corps of Engineers HEC-1 hydrology
computer model to predict peak flows from the closure cap. The methodology for predicting
peak flows requires a delineation of the sub-basins generating runoff, determination of a curve
number to be used, a precipitation rate, a storm distribution, and a caiculation of the time of
concentration and lag time.

Off-Site Run-On Storm Water

Storm water that originates from outside the landfill facility will need to be diverted in order to
prevent water from entering the facility or from eroding the closure cap.

Methodology. Storm drainage channels extending to the north and to the south will collect and
divert storm flows from the Lakeside Mountains around the landfill facility. Tributary areasto these
channels were delineated based on USGS topographical maps. The tributary areas were then
divided info sub-basins as shown in Figure V-1 in order to allow for a progressive design instead
of designing the entire channel for the entire flow from all combined sub-basins.

Curve numbers were determined based on the hydrologic soil type and soil vegetation cover
as shown. The hydrologic soil type is a general indication of the soil's infiltration capacity. Soils
are assigned a hydrologic type of A, B, C, or D by the Natural Resource Conservation Service
(NRCS). Soils of hydrologic soil type A have the highest infiltration rate, and therefore produce
the least amount of runoff. Soils of hydrologic soil type D have the lowest infiltration rate, and
therefore produce the highest amount of runoff. Most of the soils within the tributary area are
hydrologic soil type D with some type B soils. The soil vegetation cover and conditions were
assumed based on information given in the NRCS study “Soil Survey of Tooele Area, Utah” and
verified by a field visit on October 26, 2004. The cover conditions were combined with the
hydrologic soil type to produce a curve number based on Table 2-2d of Technical Release 55.
Because some sub-basins contained several different soil types and covers, anarea weighted
curve number was applied to each sub-basin.

The lag times (T, ), defined as the time to the hydrograph peak, were calculated by using the
time of concentration (T.) and the equation T, = 0.6T.. The time of concentration (the time it
takes for runoff to travel to a point of interest from the hydraulically most distant point) was
calculated using the criteria found in Worksheet 3 in TR-55 “Urban Hydrology of Small
Watersheds".
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The SCS Type |l Distribution was used to model a 24-hour 100-year storm. Part 258 of the Code
of Federal Regulations Title 40 Chapter 1 entitied “Criteria for Municipal Solid Waste Landfills™
states that the landfill must contain “a run-on control system to prevent flow onto the active
portion of the landfill during the peak discharge from a 25-year storm”. Although the
requirementis only a 25-year storm, a 100-year storm event was used in order fo provide a more
capable design that will provide better storm water management and protection of the landfill
and its closure cap. The SCS Type |l Distiibutionis shown in Figure V-2. The rainfall amount was
taken for the higher elevations associated with the east slopes of the Lakeside mountains from
the “Point Precipitation Frequency Estimates from NOAA Atlas 14". The value fora 100 year - 24
hour event was 2.61 inches.

FIGURE V-2
SCS TYPE Il STORM DISTRIBUTION CURVE
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The magnitude of the area tributary to the landfill site is large enough to warrant the use of a
reduction of the precipitation values because the likelihood of the full amount hitting the whole
region decreases with an increase of tributary area. The factor was based on the Sait Lake City
Hydrology Manual. According to the manual, a 24-hour event has an Areal Reduction Factor
of:

ARF = .01*(100-2*Area ~ .46) where the Area = 3.68 mt
ARF = 0.96
This reduction factor was applied to each sub-basin’s precipitation value.
Peak Design Flows. Hydrologic calculations presented above were used to generate peak

design flows for each of the sub-basins and at various confluence points along the channels.
Peak design flows are provided on Figure V-3.
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On-Site Run-Off Storm Water

Storm water will need to be conveyed off the landfill facility in order to protect the integrity ofthe
closure cap.

Methodology. Delineation of the sub-basins, shown in Figure V-4, was based on the cell closure
cap design. Each basin will drain info a channel which will convey the runoff to a down spout.

A curve number was determined based on the hydrologic soil type, Type B, found at the facility
because native soils are going to be used for cover. The cover type was assumed to be similar
to a dirt road. The cover conditions were combined with the hydrologic soil type to produce a
curve number based on Table 2-2a of Technical Release 55. A curve number of 82 was applied
to all on-site sub-basins.

The lag times, defined as the time to the hydrograph peak, were calculated by using thetime
of concentration and the equation T= 0.61.. The time of concentration was calculated using
the criteria found in Worksheet 3 in TR-55 “Urban Hydrology of Small Watersheds".

The SCS Type Il Distribution was used with the 100-year 24-hour storm. The rainfall amount was
taken from the “Point Precipitation Frequency Estimates from NOAA Atlas 14" associated with the
facility elevation which is lower than the elevation used for the precipitation amount from the
Lakeside Mountains. The value for a 100 year - 24 hour event for the facility is 2.52 inches.

Peak Design Flows. The hydrologic analysis presented above was used to generate peak design
flows for each of the sub-basins for the closure cap and for the downspout piping located at
points along the east side of the closure cap as shown in Figure V-5.

HYDRAULIC DESIGN OF CHANNELS

The design peak flows for the channel segments provided in Table V-1 were used to design the
drainage channels. The channels were designed with a 2.5H:1V side slope using the slope of
the mountainside (or the western side fo the channel away from the closure cap) and a 4H:1V
slope resulting from the closure cap slope.

A drainage channel with a bottom width of 15 feet will be constructed along the western
perimeter of the closure cap to collect and convey storm water around the facility. Because the
channel slopes vary from from 0.25% to 15% and the flows vary from 86 cfsto 521 cfs, the depth
requirement and riprap design will vary along the channel reaches. Riprap D, requirements
for each segment are summarizedin Table V-1. The minimum depth requirementsinciude 1 foot
of freeboard.

The landfill cells will be opened up gradually from the east to the west, therefore, construction
of the drainage channels will not be required until landfill construction extendsto the Lakeside
Mountains forming the west side of the landfil. Temporary run-on diversion berms will be
constructed along the west side of constructed portions of the landfill until the landfill area ties
into the Lakeside Mountains and construction of the drainage channels becomes necessary.
These berms will prevent run-on water from the Lakeside Mountains and the west area of the
facility from entering open landfill areas.
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TABLE V-1

RIPRAP DESIGN
Rip Rap Dy, Size
Peak Design Flow Min Depth
Channel Segment Slope (CFS) () (in) (M
Channel 1-A 0.25% 303 0.33 4 4.2
Channel 1-B 1.00% 303 1.0 12 4.0
Channel 1-C 5.00% 368 2.5 30 4.0
Channel 1-D 2.00% 368 1.75 21 4.2
Channel 1-E 0.25% 379 0.33 4 4.7
Channel 1-F 5.00% 551 2.75 33 4.8
Channel 1-G 1.00% 5561 1.17 14 5.2
Channel 2-A 0.25% 63 0.25 3 25
Channel 2-B 2.00% 86 1.0 12 2.6
Channel 2-C 5.00% 86 1.75 21 25
Channel 2-D 15.00% 86 2.5 30 2.4
Channel 2-E 1.50% 86 0.75 9 2.6

DOWNSPOUT DESIGN

Hydrologic calculations presented above were used to generate the combined peak design
flows. To maintain consistency in design and construction, the highest combined peak flows
were used for design of the downspouts. Design is based on a combined peak flow of 12 cfs
from the benches along the south 4H:1V slopes of the cap, 43 cfs from each drainage area on
top of the cap, and 6 cfs for the benches along the eastern 4H:1V slopes.

Downspout pipe sizes were determined using inlet control conditions and selecting the size and
head water depth requirement from “Hydraulic Charts for the Selection of Highway Culverts”
published by the U.S. Department of Transportation. Inlet control conditions were assumed
because critical flow will always exist in the piping on the 4H:1V slopes and the elevation
ditferences between the inlet and outlet ends of the downspout pipes will not allow for outlet
conditions to control.

Downspout pipe sizes and head water depth requirements for the south benches, top of cap
and ecastern benches are:



1. South benches require 24-inch diameter pipe with 2 feet of headwater depth

2. Downspout pipes from the top of the cap require two 24-inch diameter pipes in parallel
with 3 feet of headwater depth.
3. East benches require 15-inch diameter pipe with 2 feet of headwater depth.

The headwater depth requirements are provided with the inlet boxes below the grating with the
additional depth and freeboard provided by the grating and the ditches and berm heights
above the grating.

EROSION PROTECTION

Long term options to provide erosion protection generally consist of establishing vegetation, or
by placing a stone muich, or a combination of both. Procedures presented in “Erosion and
Sedimentation in Utah - A Guide for Control” published by the Utah Water ResearchLaboratory
were used to determine requirements for vegetative and stone muich erosion control measures.
Calculations show that the density of the vegetative cover should be 93 percent and the
minimum thickness of the stone mulch is 3 inches. Stone mulch generally consists of a well
graded stone or gravel with the largest size being approximately equal to the required stone
mulich thickness.

DETENTION

All stormwater will be routed into the borrow excavation area of the property directly east of the
landfill site that will also be used for storm water management. The off-site runoff will continue
in open channels and pipes (primarily under facility roads and for the inlet to the detention areq)
to the detention area. Flow from the downspout pipes will either continue to be conveyedto the
detention area in pipes, open channels, or a combination of both. Upon completion, this
excavation will be approximately 20 feet deep or more with a surface area of approximately
600 acres. A 24-inch diameter storm drain pipe will be placed under the railroad and road at
the eastern end of the excavation with an inlet flow line elevation of 4220 to provide an outlet
for storm water from the detention basin. Using the Army Corps of Engineers HEC-1model to
simulate routing of storm water through the basin shows a maximum headwater depth on the
storm drainage pipe of about 3 feet. This headwater depth will be temporary as the outlet to
the basin will allow the ponded water to drain and empty the basin to the flow line elevation of
the outlet.
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. 13\30.100\CADFILES\PERMIT DWGS\FACILITIES PLAN.DWG
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12.2

FILE NAM.
FILE DATE:

-—

SECTION & DETAIL IDENTIFICATION

SECTION

A

SECTION

I Tl T
CUT ON DRAWING NO. 6 AND

SHOWN ON DRAWING NO. 8
ON DRAWING NO. 6 THIS SECTION IS REFERENCED AS:

/—SECTION NUMBER

12
8
DRAWING ON
WHICH SECTION
APPEARS

ON DRAWING NO. 8, THIS

IS IDENTIFIED AS:

/—SECTION NUMBER

DETAIL

’.,' P
L

SECTION|[ 2
6
“S—DRAWING FROM
WHICH SECTION
WAS TAKEN
DETAIL DENTIFICATION

DETAIL CALL-OUT ON DRAWING NO, 6 AND
SHOWN ON DRAWING NO. 8
ON DRAWING NO. 6 THIS DETAIL IS REFERENCED AS:

- DETALL LETTER

B
/_ 8
DRAWING ON
WHICH DETAIL
APPEARS

ON DRAWING NO. 8, THIS

IS IDENTIFIED AS:

DETAIL LETTER
-

1
A DETAIL [B
6
-\I DRAWING FROM
WHICH DETAIL
e WAS TAKEN
]
NOTES:

1.

IF SECTION AND DETAILS ARE SHOWN ON THE
SAME DRAWING AS SECTION CUTS AND SECTION
OR DETAIL CALL-OUTS DRAWING NUMBER IS
REPLACED BY A LINE,

&

e 2. DETAL LETTERS ™" AND "0° NOT USED.
1 ~.
- T TION
- ¢ CENTER LINE
G U CPE CORRUGATED POLYETHYLENE
3 I ~PROPERTY DiA. DIAMETER
: LINE ~
- - T EL. ELEVATION
‘ T fL FLOW LINE
ATy HOPE HIGH DENSITY POLYETHYLENE
’ o D INSIDE DIAMETER
b iNV EL. INVERT ELEVATION
! MAX. MAXIMUM
P LIS T e e o e i MIN. MINIMUM
RAILROAD N.T.S. NOT TO SCALE
) _F_ o - Nl PCPE PERFORATED CORRUGATED POLYETHYLENE PIPE
- = ""\; ’ SOR STANDARD DIMENSION RATIO
RQAD TYP. TYRICAL
DESIGNED MPW, KCS 3 St WASATCH REGIONAL LANDFILL FACILITY SHEEY
Snecie S : osn | WASATCH REGIONAL 2
DATE DECEMBER 2004 |[NO. DATE REVISIONS EXISTING SlTE TOPOGRAP HY 113-30-100
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39

NOTES:
1. ROCK QUTCROPPING ALONG THE
WEST HILLSIDE MAY BE MINED
FOR RiPRAP AND OTHER ON

SLOPE PROTECTIVE MATERIALS. >
CELL AND RUN—-ON CONTROL i
SYSTEM DESIGN WiLL BE
MODIFIED AS REQUIRED TO
MATCH MINED SURFACES. o 800 1000 FEET
2. COORDINATES PROVIDED ARE
BASED ON MODIFIED NAD 83
COORDINATE SYSTEM STATE
PLANE (GROUND)
3. ACTUAL LOCATIONS (COORDINATES
AND ELEVATIONS) MAY CHANGE
AFTER CONDUCTING A PROPERTY
SURVEY AND ACCURATE
TOPOGRAPHIC MAPPING.
|
|
. !
. !
,352.85
29508091 PHASES
g PHASE AREA
1 §7.20 ACRES
] 2 74.08 ACRES
4 —— 3 81.14 ACRES
P | | 4 53.01 ACRES
Yy q] ‘ PHQSE | \/ / | s 55.76 ACRES
,L._' 4 p—5=1.50% PHASE 41 \/ . 6 58.78 ACRES
: 2 / ; 7 95.37 ACRES
8 PHASE L+ v T W e N - I S .
: ; / NN == S FOSED o 8 85.10 ACRES
r . / [ s LEACHATE/EVAPORATION _ -+~ ~ 4 : S 133.95 ACRES
= \/ s : - T POND (TYP.) . -~ | 10 41.12 ACRES
Lt / ] - = T I Kl 44.60 ACRES
| / V] [ - e , ' | TOTAL = 793.11 ACRES
,4v"" - - - 42*0 - - e - . - . i
‘ — == 5 PROPOSED
‘ _ _/P = EXSTNG -MONITORING . . |
: ' 2= MONITORING WELL LOCATION STORMWATER BASIN /GROUND WATER ’ :
| NTasIne~ L F ' wanTEnance e (TYP.) INTERCEPTOR BASIN & BORROW AREA :
| EL 426500 (&) —CeasTng MAINTEN; (TO BE EXCAVATED APPROX. 20'+ , |
| AT ekimoRiNG R BELOW EXISTING GROUND SURFACE)
| prROPOSED ~ . ! -
g PRODUCTION * | - |
WELL : ! -
F L :
2 S | <
5 ! :
N . I . . v . .
Eg | f PRODUCTION o o e I
i A N, .
o : - Bas 24" DIA. HDPE BASIN -
C?_ .
3
&
°-
g
. . .
0 - .
3
HN - S
o
§ —
-3 ST,
uy )
ke no.xzu
el Dsfr';i" g::" KeS 3 sous WASATCH REGIONAL LANDFILL FACILITY SeE?
2
AS
& CHECKED KCS /| 05/2005 | ADDED PROPOSED MONTORING WELL & REMOVED NOTE CAH | KCS SHOWN WASATCH REGIONAL 3
g EnarweErns PR ER |DATE DECEMBER 2004 [NO. DATE REVISIONS gv |apvo. CELL LCRS & SUPPORT FACILITIES PLAN 113~-30-100




P

500

_1000 FEET

RUN~ON CHANNEL DESIGN TABLE
CHANNEL SLOPE PEAK DESIGN{RIPRAP Dso{MIN. DEPTH
SEGMENT FLOW (CFS) (FT) (FM
CHANNEL 1-A | 0.25% 303 0.33 4.23
CHANNEL 1-B | 1.00% 303 1.0 4,03
CHANNEL 1-C | 5.00% 368 2.5 .02
CHANNEL 1-D | 2.00X 368 1.75 419
CHANNEL 1-E | 0.25% 379 0.33 4.67
CHANNEL 1—F | 5.00% 551 2.75 +.80
CHANNEL 1-G | 1.00% 551 117 5.20
CHANNEL 2—A | 0.25% 86 0.25 2.51
CHANNEL 2-B | 2.00% 26 1.0 2.54
CHANNEL 2~C | 5.00% 86 1.75 2.48
CHANNEL 2-D | 15.00% 86 25 2.36
CRANNEL 2-E | 1.50% 26 0.78 2.60
POND INLET &
CLOSURE cAP ! ROAD CROSSING
INAGE - (1) 48" DA
‘. CHANNEL (TYP.) - N _CULVERT (OR
PROPOSED EQUIVALENT,
' oA : - ) NATIVE GROUND EROSION PROTECTVE
A ~-— EVAPORATION =’ — - 4+ - LAYER
It POND (TYP.) q !
2 DOWN SPOUT (TYP.) I 4 -
<. (SEE SHEET 12) .- |
o 3 ' 1)
: o - .
© , | l
2 PROPOSED 4z 4 :
& EXISTING MONITORING | N_  EMBANKMENT
¢ . . MONITORING WELL LOCATION STORMWATER BASIN /GROUND WATER ! ~
2 PROPOSED : MAINTENANCE | (TYe.) INTERCEPTOR BASIN & BORROW AREA - :
g ;EEEUCT'ON b L TEMSING NG BUILDING (TO BE EXCAVATED APPROX. 20'+ |
o WELL - BELOW EXISTING GROUND SURFACE)
2 | POND INLET &—/: N|LD . —PROPERTY LINE TYPICAL SECTION| S
£ [ RoaD crossine | i ,’/— N.TS. —
2 | (3) 60" DA S !
£ | CULvERTs PARaLteL | § - b :
2| or ounvaent) | : M ) |
3 . CHANNEL .
2 S PROPOSED FL. 4220.00 |
53 [ o PRODUCTION DRAIN TRENCH
g~ ' WATER BASIN % 24" DA HDPE BASIN |
£ A+ | ouneT PiPE _
] o ——————_— . EL. 4220.00 -
3’; Yy T - ot — _ —._FL. 4220.00 OR LOWER ALONG EAST BOTTOM TOE |
g : % X —— —— o - —A 3
et | — - = - - | 13
§§ e L - _ .. ~ l
A N ) T _ - :
- = — —— - -
i L e D T Y — — — ———————_ S . _
& £o1884]
;g MO, 18141
e ESIGNED _MPW, KC
=2 sous WASATCH REGIONAL LANDFILL FACILITY et
AS
3 & CHECKED KCS A 05/2008 ADDED PROPOSED MONITORING WELL & REMOVED NOTE CAH | KCS SHOWN WASATCH REGIONAL 4
g e PR ER  |DATE DECEMBER 2004 |NO.] mm REVISIONS o ey CLOSURE SITE PLAN preRETa—res
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FILE DATE: 12.20.2004 11:43:24¢ (DRB)

4460

FAST-WEST ‘TYPICAL: zCROSS; SECTION [

EXISTING: MODELED ©

N.L.S.

: ‘GROUND . WATER . BASED}

QN MODEL. CALIBRATION

~EXISTING ;MODELED:
: SROUND. ‘WATER:
-ON MODEL

: ] 'BASED
- ON . MQDEL: CALYBRATION:

A :
. BURFACE

7/04

ER

~PROJECTED: HIGH
"GROUND" WATER "

EXISTING -MODELED - - : - -

‘GROUND. WATER: BASED
N. ‘NMODEL 'CALIBRATION :

CNOTE G
| PROJECTED HiGH (GROUND: WATER: |S BASED : ON. ‘MODFLG :MOQEL :
- RESULTS - USING ‘A : GROUND: WATER: INTERCEPTOR: TRENC DR
DAES NOT AGCOUNT - FOR -LOWER
COMPLETE. BORROW. EXCAVATION.:

DESIGNED MPW, KCS 3 SCALE
DRAFTED DRSB 2 ,
CHECKED KCS 1 17 = 200
DATE DECEMBER 2004 |NO. DATE REVISIONS 8 |amvo.

WASATCH REGIONAL LANDFILL FACILITY

WASATCH REGIONAL

OVERALL CELL SECTIONS

13-30-100
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FRE . .
FILE DATE: 5%.6.

7/04

Z—
A2B0.
. - T
T l
I —
' | [} | ] //?fr———\TJ/ MY 9 pif 42705
| [ ] | 8 - | gl !
i /’ 1
1 !
= P
LI N 4280..5,
Lyl
N 9 B 4250,
-0
— - L 4260~
]
4240
s g
h 3] ‘ 4230.5
“t 7 5“
2004 X
i .
p '
®~ i
N ‘ 1
2 N E %
-— 7] 1
b Lot H
L— 10 i
] 4260}
el o E
S=2.75% Sa=2.75% !
L] mve.) (TYP.) 2 E
x| be2.788 S=2.75% = A2R0.,
b e | ) ¥
z " % 8" PERFORATED i
N o) ; CORROGATED . 4240107
/ T £ N / POLYETHYLENE e ¥
' A= // . PIPE (TYP.) 2 : o
/ / \ S 5 EXISTING. MOQELED:'
S IN S \ \ R STPUND ATER. A
F LEACHATE
o/ COLLECTION A N / ; L{
Jl T | s
———" ;
42807 »Z/—'/ 4270,
_/l>-'
\ J 4260
! N. 7478922.85 - :
A B, 1287277.88 EXISTING: caounu:
N. 7479387.85 . .5250..;
° E. 1297135.08 Lo !
a EL 4243.50 e
a 424
N. 7478522.85
EXISTING
E. 1297277.88 MONITORING
: WELL
"~ 4230,
PHASE 1A PLAN ’ o
Ll X° T RGIEETED HioH |GROUND. WATER.IS: BASED |ON MODFLG  MADEL
4220 L RESULTS USING -4 GROUND: WATER: INTERCEFFOR. TRENCH - AND
5 : : : - : " DRAIN.’ DOES NOT ACCOUNT FOR LOWERING OF GROUND WATER
TYPICAL CELL SECTlONS 3 LEVELS FOR COMPLETE BORROW EXCAVATION.
RORZONTAL —
(3Lp) 17 - 1207
YEATIGAL
mLu NI SHEET
e ESIGNED MPW, KCS 3 sous WASATCH REGIONAL LANDFILL FACILITY 5
RAFTED DRB 2 AS ‘ar
m CHECKED KCS A 05/2005 ADDED SLOPE CALLOUTS, NEw CONTOURS, MODIFIES EXISTING GROUND SURFACE & PROJECTED HIGK WATER CAH | KCS SHOWN ASATCH REGIONAL
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SUMP PERIMEI'ER—\

-

TOP OF GRAVEL—

8" DIA. PCPE PIPE
EXTEND ALONG TOE
OF SLOPE DITCH

24" DA, HDPE
LEACHATE
WITHDRAWAL PIPE

| I
|
L2 l )
8" DIA. PCPE !
PIPE WITH END I e ;
= CAP (TYP.) v _— |
) - i
ol T
- / - e
- |
»/‘1/ |
Y
i

SUMP_PLAN VIEW

N.T.S.

o>

TOP OF SUMP
GRAVEL FILL UNE

8 0Z. NON—-WOVEN

GEOTEXTILE

NOTES:
1.

Z— B

8° DIA. PCPE PIPE
EXTEND ALONG TOE
OF SLOPE DITCH

GEOTEXTILE

FILL ENTIRE SUMP AND TOE OF SLOPE
DITCHES WITH 1 1/2" MINUS WASHED
ROCK TO TOP OF SUMP GRAVEL FILL LINE.

2. PCPE REFERS TO PERFORATED

8 0Z. NON-WOVEN

CORRUGATED POLYETHYLENE PIPE

8 0Z. NON—-WOVEN
GEOTEXTILE

= e <> X ~r A Ryt
60 ML= Sz iem = = T T S=2 75%
GCL—/ HDPE - X
LINER 8" PCPE PIPE

(REINFORCED)

LEACHATE CONVEYANCE PIPE TYP. SECTION

N.T.S.

8 OZ. NON
GEOTEXTILE

ot r TP N 2 T A
R % AR L I YL

bl Yhee’]
i A

{-):' |__—END CAP

LEACHA

24" DA, HDPE—/

\TE
WITHDRAWAL PIPE

3/8" PERFORATIONS 2 ROWS
/-— MIN EACH SIDE (TYP.)

WELD (TYP.)

16

OZ. FILTER FABRIC

UNDER ROCK IN DRAIN
&

—WOVEN

SUMP ONLY

TOP OF SUMP
GRAVEL FILL UNE :

NOTE:

SUMP CROSS SECTION [ 2

N.T.S. -

N -~ -

\_ \_ \_ EXTEND EXTRA 60 MIL

HDPE AND GCL TO TOP

EXTRA 16 OZ. FILTER EXTRA 60 MIL HOPE EXTRA GCL IN )

FABRIC UNDER LEACHATE OF SUMP AND WELD TO
WITHDRAWAL PIPE.

LINER IN SUMP ONLY SUMP ONLY LINER.

%)  HDPE
;a LUINER
!'.5 GCL:
ﬁ WELD 16 0Z. NON—WOVEN 8" Dia.
;E ) GEOTEXTILE j PCPE PIPE
S EXTRA 60 MIL HOPE EXTRA GCL
3 IC-JI:E:) (BELOW SUMP E-;BNELLSW SUMP = ==
2 ASILIIToN SUMP CROSS SECTION 1
F g N.T.S. —
X C DES'GNED :::- Kes i sous WASATCH REGIONAL LANDFILL FACILITY SHEET
& CHECKED KCS 1 17 =10 WASATCH REGIONAL 7
é ino wrinyg DATE DECEMBER 2004 |NO. DATE REVISIONS v |amvo. SUMP PLAN & SECTIONS 113-%-100




B
9 \
SDR-15.5 Pl SUPPORT
GCL (REINFORCED) 0w ows T~ =TT > —
f ] HOPE LINER @
EMBANKMENT EMBANKMENT
MATERIAL [ MATERIAL o g E ZSRTESVI\EER
¢
SE(;;TJON 1 LGEOSY?;T“TETé%H
e ANCHO
NATIVE SOIL
2.5 TVP. BACKFALL
GCL (REINFORCED)
y 24" DIA LW HDPE
PIPE SDR—15.5
3%5 PROTECTIVE
PROTECTIVE NOTE: ¢ SOIL COVER <
DRAIN ROCK IN PLACE OF PROTECTVE oy 60 MiL HDPE TEXTURED LINER
SOIL COVER OVER SUMP AREA il (EMBANKMENT SLOPE ONLY)
1 2.5 LTS
L~ S
PR
1 1/2° MINUS B OZ. NON-WOVEN o
DRAI/N WASHED GEQTEXTLE FILTER ,,5_'&.,.
ROCK FABRIC ;;,!‘,-.
_________ ADDITIONAL
GCL (BELOW SUMP ONLY)
B - ro iR, W, 'T“
8° DIA. PCPE PIPE 80 ML HDPE 2O T PE \'
—~
. ) oL
— REINFORCED)
- N 2:1 SLOPE
NON-WOVEN GEOTEXTILE ADDITIONAL 60 MIL
GCL PROTECTIVE LAYER 60 MIL HOPE LINER(BELOW
HOPE LINER SUMP ONLY)
$ ‘ 25' -
a
5 LEACHATE CONVEYANCE SUMP AREA s=rox wN. 27— \—
g PIPE OUTSIDE OF SUMP SECTION | 4 ~
3 NTS 7
2
8
lI)'
o
2 ]
ve ~
’ o
(REINFORCED)
(=
gg 60 MIL. HDPE
=< TEXTURED LINER Se1.7
B, S
Bs
s
8
..5 TYPICAL EMBANKMENT DETAIL[ 5
e NTS 6
;r.'
3 SO
de I
18941
P DRi::iD ::}:J' Kes i 06/2005 CHANGED SLOPE DIRECTION & MODIFIED VIEW ON SECTION TO HLUSTRATE LT HEIGHT CAH | KCS = WASATCH REGIONAL LANDFILL FAC”_lTY e
AS
‘ CHECKED KCS 05/200% REMOVED ROAD BASE & ADDED SLOPE CALLOUT CAH | KCS SHOWN WASATCH REGIONAL 8 :
ineIndtng P R. J|DATE DECEMBER.2004 |NO. DATE REVISIONS oY |apvo, LEACHATE W|THDRAWAL PIPE SECT|ONS 113-30-100 |




. 13\ 30. 100\ CADFILES\PERMIT DWGS\ LEACHATE_ _WITHDRAWAL _SYSTEM_DETAILS.!
\ 2004 \7:45:55 \(ma) \ E- L5.0WG

FILE N
FILE DAT:: 12.21.

DIA. HDPE LEACHATE

24"
/ WITHDRAWAL PIPE SDR-15.5

REMOVE INSIDE
BEADS FROM
WELDING (TYP)

24" HDPE LEACHATE
WITHDRAWAL PIPE

EXTEND TO TOP

8" DI PCPE PIPE

10" DIA. HDPE LEACHATE
WITHDRAWAL PIPE SDR-15.5

7/04

OF SLOPE PERFORATED ON FLODR
3/8" PERFORATIONS IN SUMP
AREA 2 ROWS MIN. EACH SIDE
8" DA HOLE IN PLATE FOR 10" DIA, HDPE PIPE 24" DIA. HDPE LEACHATE:
PCPE / 8" DIA. PCPE PIPE WITHORAWAL PIPE SDR—15.5
PPE N ¥ PERFORATED ON n.oon \ )
| [~
i Lo ¢ ° ° O ° 1333'50° [ —
[ —— © o o o
N T S=13
HDPE PLATE 9 Jep ;z —==l33 ] .
(1/2" THICKNESS) . M) —_———— .
WELD END PLATE PERFORATE [— 1 ( — ﬁ' <
1'—2. 6"8. O [ |
y _/ 9" T0
7'-8 5/16" . e 12¢
-~ 8" DIA.
PCPE PIPE (TYP.)
24" DIA. HDPE LEACHATE
LEACHATE 24" DIA. HDPE \ v, WITHDRAWAL PIPE SDR—15.5
WITHDRAWAL PIPE SECTION[1 ER HDPE PLATE (1/2° MIN. z NON—PERFORATED UP
p— : THICKNESS) HOLE IN 3 SLOPES
N.T.S. PLATE FOR 8" DIA. PCPE :
PIPE 5
N
-
\— "
HDPE BLIND FLANGE
NON~WOVEN GEOTEXTILE GUSHION 2
LAYERS OF 8 OZ. OR 1 LAYER OF 16
gé. UNDER PIPE IN SUMP AND AT PIPE
NDS
24; blA. HDPE 24" DIA. LEACHATE
SOR-15.5 PIPE HDPE CAP DETAILS [B WITHDRAWAL PIPE DETAIL [A
% N.T.S. 8 | N.TS. 7
Y,
Ntz 25
2 S :
H R B N T
: == Exrrrerre 24" DIA HDPE LEACHATE
\_ ;Jg;}DRDq\’VE’AL PIPE
—-—" —" ORATED ON FLOOR
EXTRA GCL GCL 80 Mi;’ HSDPEP UNEI: l "'l
(BELOW SUMP (BELOW SUMP ONLY)
ONLY) _7" l l 10" DIA. HDPE PIPE
COMPACT SELECT q ¢ s o 0 0 PERFORATED (TYP.)
[ FLL MATERIAL TO 8* DIA. PCPE
95% STANDARD 60° | 60 , g2
PROCTOR DENSITY. . - PIPE (TYP.)
ALTERNATING 3/8" OIA. PERFORATIONS HDPE ‘
PERFORATED LEACHATE WITHDRAWAL PIPES : I
PERFORATION DETAIL [ D CROSS SECTION| 3
DETAIL [ C | — NT.S. J—
& =1-0"| B
‘$°|Ill'°
4 109141
- ESIGNED é‘::' KCs 3 sout WASATCH REGIONAL LANDFILL FACILITY SHEET
DRAFTED 2 AS
‘ CHECKED KCS 1 SHOWN WA.SATCH REGIONAL 9
TReineEins PR 0f R DATE DECEMBER 2004 |NO. DATE REV'SIONS BY |APVD. LEACHATE W|THDRAWAL SYSTEM DETAILS 113-30-100




FILE NAME: . R
FLE N ;13‘\:250001500&09?%555}228‘1 DWGS\PHASEBERMDETAILS__R1.DWG

CONSTRUCTION AREA

T 8 0Z. NON—WOVEN
GEOTEXTILE FILTER

FABRIC

PROTECTIVE ' . ..
™ SOIL COVER . . ...

DRAINAGE NET

60 MIL TEXTURED 80 MIL TEXTURED
[HDPE LINER /—HDFE LINER
\ | - o _ 5
T"
\eCL

(REINFORCED) GCL
(REINFORCED)

TYPICAL SIDE SLOPE GEOSYNTHETIC TIE—

60 MIL HDPE LINER

1.

T———ccL

2’ MIN.

z:l"\NCHOR TRENCH BACKFILL

TYPICAL CELL FLOOR LINER SYSTEM SECTION

WITH MAX. PARTICLE SIZE NTS. -
OF 1°
IN DETAIL | 2

N.T.S.

CONSTRUCTION AREA

1 1/2" MINUS
WASHED ROCK

DRA

10" (TYP) !

80 MIL. HDPE TEXTURED LINER

SUBGRADE

GCL (REINFORCED)

& 02. NON-WOVEN GEOTEXTILE
FILTER FABRIC CELL PHASE DIVISION BERM [ 4
DRAINAGE NET N.T.S. 6
50 MIL. HDPE SMOOTH LINER
80 ML HOPE
CONTAINMENT LINER TO BE
REMOVED FOR SUBSEQUENT
B CONSTRUCTION
-_ CONSTRUCTION AREA
WASTE |NTERMEDIATE . 1'=g"% |
" CONTAINMENT
o BERM - - e
B 0Z. NON—WOVEN e
GEOTEXTILE FILTER
FABRIC 60 ML
HDPE LINER

DRAINAGE
/_ NET

~

e

NOTES:

2'—D" MIN.

THE RUN-ON DIVERSION/SAFETY BERM
IS TO BE CONSTRUCTED AROUND THE
TOP PERIMETER OF CELL EXCAVATIONS
WHERE NO RAISED EMBANKMENTS ARE
CONSTRUCTED.

OWNER MAY DIRECT CONSTRUCTION OF
A DITCH IN PLACE OF THE BERM.

TYPICAL RUN—ON_ DIVERSION/SAFETY BERM DETAIL

N.T.S,

EXISTING GROUND

GCL—I \-60 MIL HDPE LINER ygcggzn SO
CONTINUOUS
NoT?.CUT ALONG WELD WITH LINER . !
AND REMOVE 60 MIL. HDPE N7 !
CONTAINMENT LINER TO ALLOW !
e OF Oxanace Nt G / |
FILTER FABRIC. %Eﬁg: l
|
s TYPICAL INTERMEDIATE CONTAINMENT BERM SECTION é |
] N.T.S. |
109141
um_ e Joesiones WW, ks 13 o ASATCH GION WASATCH REGIONAL LANDFILL FACILITY TS :
D 2 AS ‘wr RE A I i
: &LCE. < egfCHECED KOS Al ot/200 oo 1 S e R O e e 573 e TYPICAL LINER SYSTEM SECTIONS & DETAILS ]




6" MIN.
3" DIA.

PERFORATED \\
DRAIN PIPE N

8 0Z. NON—WOVEN
" GEOTEXTILE

STORM WATER
CONTAINMENT BERM

| 12'-0" |
MIN, g
8

COVER OVER \

- 1'=0" MIN.
(Tve.)
WASTE
TOP OF 4:1 SLOPE SECTION [8

NOTES:

N.T.S. 4

1.DRAIN PIPES UNDER STORM WATER CONTAINMENT
BERMS AND UNDER BENCH DRAINAGE CHANNELS
TO TIE INTO DOWN SPOUT INLET BOXES.

2.ERCSION PROTECTION LAYER TO BE 3 INCHES

THICK IF USING STONE MULCH
TOP SOIL WITH VEGETATION.

OR 6 INCHES OF

TYPICAL CLOSURE CAP LAYER DETAIL [A

6" MIN. SOiL
COVER OVER
WASTE

WAgrE

GCL

EROSION PROTECTIVE LAYER

6° MIN. SOIL.
COVER OVER
WASTE

60 MIL HDPE
TEXTURED GCL
GEOMEMBRANE (REINFORCED)

60 MIL HDPE
TEXTURED

GEOMEMBRANE —
GCL
(RENFORCED)

CAP TO CELL LINER TIE IN

N.T.S.

oo

EROSION PROTECTIVE LAYER

(REINFORCED)

60 MIL HDPE
TEXTURED
GEOMEMBRANE

§ A N.TS. —
3 §
H (4]
K 5
3 y
:;g: STONE MULCH 6" MIN. COVER OVER
9 3" DIA. PERFORATED
z S=50% /DRAIN PIPE
% 8 0Z. NON—WOVEN
. e 128 GEOTEXTILE SoIL
g-o- WASTE N N S NS
§i 1'=0" MIN.
o (TYP.)
§§ 25'—0"
2
EE TYPICAL CLOSURE CAF-BENCH DRAINAGE CHANNEL SECTIO 7
H NTS. 14
g
JSINED MPW, KCS 9 sous WASATCH REGIONAL LANDFILL FACILITY Sﬁf
e z l o~ WASATCH REGIONAL
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EXECUTIVE SUMMARY
The natural soil and bedrock at the site are suitable for support of the proposed
landfill disposal facility.

Exterior slopes of 3:1 and interior cut and fill slopes of 2:1 (horizontal to
vertical) may be used for the base of the landfill facility.

The final exterior slope of 4:1 will provide satisfactory stability of the waste
pile.

The natural soil is suitable to use in construction of the proposed embankment.
As proposed, a geosynthetic clay liner will also provide appropriate stability
along with the other synthetic materials for the interior landfill bottom and also

the closure cap.

Bentonite from a GCL was tested with water leached from soil samples at the
site indicate a permeability of 1.5 x 10° cm/sec.

Design details and construction precautions are contained in the text of the
report.
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SCOPE

This report presents the results of a geotechnical investigation for the permit application of
the proposed Wasatch Regional Solid Waste Landfill. The facility is to be located west of
Rowley Road, approximately 6 miles north of Interstate 80 within the western half of Section
3 and Section 4 of Township 1 North, of Range 8 West along with the western half of
Section 34 and Section 33 of Township 2 North, Range 8 West, Salt Lake Base and Meridian
in Tooele County, Utah. The revision to the report was requested to include a geosynthetic
clay liner (GCL) between the flexible membrane liner (FML) and the cover material on the

closure cap.

The subsurface information, geology, seismic conditions along with characteristics of the on-
site materials contained within a geotechnical report for the Wasatch Regional Solid Waste
Landfill in Tooele County, Utah prepared by Kleinfelder and reported on May 18, 2004 under
their File No. 35467.003 has been relied upon in this study.

This report provides the information requested in our proposal dated July 15, 2004 addressed
to Allied Waste in care of Hansen, Allen and Luce Incorporated. The items requested for this

study include the following:

. Characterize the subsoils.

. Determine the suitability of the subsoils for support of the proposed landfill.
. Provide recommendations for foundation preparation for the landfill.

. Provide recommendations for embankments that would be constructed in

conjunction with the landfill.

. Stability issues using geosynthetics as liner and drainage materials.
. Compatibility of the GCL with the on-site soil and water.

. Seismic characteristics.

] Stability analysis of the closed facility.

U] Stability analysis during waste placement.

. Suitability of the on-site soil for use as fill.

[
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. Recommendations for imported fill.

. Fill material compaction criteria.

PROPOSED CONSTRUCTION

We understand that the proposed landfill will be developed by placing an embankment on the
east portion of the facility close to the existing elevation of 4246 to 4240 feet. At that point,
an embankment would be constructed with a slope of approximately 3:1 (horizontal to
vertical) extending up to an embankment crest elevation of 4265. A 25 foot horizontal bench
would then be provided with the interior portion of the embankment sloping down into the
landfill area at a 2:1 (horizontal to vertical) slope to an elevation of approximately 4244 feet.
The floor of the landfill would then extend west at a slope of 1.7 and 1.2 percent. At the
end of the floor, the ground surface would then slope up at a 2:1 (horizontal to vertical) slope
to the west edge of the landfill. This 2:1 slope will be cut and when needed will receive soil

as fill to protect the overlying geosynthetics.

The interior surface of the landfill will be prepared to receive waste by having the following

materials placed on the floor, from top down.

Two feet of protective soil cover
Non-woven geotextile

Drainage net

Flexible membrane liner (HDPE)
Geosynthetic clay liner {GCL)
Prepared Subgrade

On the 2:1 interior side slopes, the profile would consist of from top down:

AVAV’ APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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Two feet of protective soil cover (as far up the slope to limit stress on the liner
materials)

Flexible membrane liner (HDPE textured)

Geosynthetic Clay Liner (GCL)

Prepared Subgrade

The final configuration of the landfill will extend approximately 100 feet vertical feet from the
west inside edge of the embankment up at a 4:1 slope. Included with the slope will be two
horizontal benches approximately 25 feet wide. At the top of the 4:1 slope, a small berm will
be placed in order to prevent drainage from extending down the slope. The top of the landfill
will slope up towards the west at an approximate 5 percent slope. The west edge of the cap

will slope down at a 4:1 slope to natural soil.

The profile of the materials on the closure cap will consist of the following (from top down):

Two foot cover material including soil and an erosion protective layer
Textured Flexible Membrane Liner (HDPE)

Geosynthetic Clay Liner (GCL)

Protective soil {approximately 6 inches)

Waste

The 4:1 side slopes will have the following profile (from top down):

Two foot cover material including soil and an erosion protective layer
Textured Flexible Membrane Liner (HDPE)

Geosynthetic Clay Liner (GCL)

Protective soil (approximately 6 inches)

Waste

U
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We anticipate that waste placement will begin at the eastern end (the lowest elevation) and

proceed in horizontal lifts until the final profile is achieved.

Approximately 300 feet east of the toe embankment will be the beginning of a borrow area
for construction and daily cover soil. It is anticipated that the natural soils will be excavated
down to a depth of approximately 20 feet with a perimeter slope of approximately 3:1 and
flatter. This area of excavation will extend to within approximately 300 feet of the railroad

tracks that parallel Rowley Road.

SITE CONDITIONS

The site is currently vacant of permanent structures with a few dirt roads on the property.
The ground surface within the area of the proposed facility currently slopes down towards
the east at a slope of approximately 5 percent. Near the toe of the proposed facility, the

ground surface is fairly flat.

The site is basically at the foothill of the Lakeside Mountains. Further to the east, the ground
surface slopes down to the Great Salt Lake. The lake at its current location is approximately

5 to 6 miles to the east/northeast.

FIELD INVESTIGATION

The subsurface conditions for this phase of the study was conducted by drilling five borings
at the locations indicated on Figure 1. Three of the borings were advanced to ground water
and monitoring wells constructed. The drilling extended down to a maximum depth of 173
feet. Drilling was initially started using 8-inch, hollow-stem auger powered by an all-terrain
(CME 750) drill rig. For the deeper exploration and in more difficult drilling conditions, rotary

methods using a 3% inch diameter tricone bit was used with air as the circulation fluid.

AVAV APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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Samples were obtained, with a California spoon sampler with an automatic hammer

advancing the samplers. Disturbed bulk samples were also obtained from the cuttings.

The holes constructed to be monitoring wells were completed by estimating the water level
and then placing a 15 to 20 foot section of screen with openings of 0.010 inches. A 5 foot
section of PVC pipe was placed below the screened portion and solid pipe extended above
the screen portion up to the ground surface. Sand was placed within the annular space
within the screened section (and 1 to 8 feet above the screened portion) with bentonite chips
being used to backfill from the sand portion up to near the ground surface. Concrete was

placed in the upper 1% feet. The soil borings were backfilled with cuttings.

The California sampler (2 inch diameter) was advanced by driving with blows from a 140
pound automatic hammer falling 30 inches. This test is similar to the standard penetration
test as described by ASTM Method D-1587, except the sampler used is a 2 inch diameter

sampler as opposed to a 13 inch inside diameter sampler.

Based on studies conducted by Goodman and Carol (Goodman and Carol, Theory and Practice

of Foundation Engineering, the McMillam Company, New York, 1968, p 54), the actual

measured penetration resistant values obtained using the California sampler should be
multiplied by 0.82 to equate them with the penetration resistant values using the standard
penetration sampler. Penetration resistant values, when properly evaluated, provide an

indication of relative density or consistency of the soils encountered.

Measurements were made in the borings to determine the presence of free water. Water
measurements obtained after completion of exploratory borings are shown on the logs of

exploratory borings.

AVAV’ APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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LABORATORY TESTING

Laboratory testing was conducted on selected samples of the natural soils in order to
determine their engineering characteristics. Laboratory testing conducted during the study
includes: natural moisture content, dry density, Atterberg Limits, grain-size distribution,
strength, moisture/density relationship and consolidation. The test results are shown on

Figures 6 through 18. A summary of the laboratory test results is shown on Table I.

A discussion of laboratory testing procedures is presented below. The testing procedures are

primarily those of American Society for Testing and Materials (ASTM).

Index Properties - The unified soil classification system (ASTM D-2487) was used to

classify the soil. This system is based on index property tests including the
determination of natural water content (ASTM D-22186), liquid and plastic limits
(ASTM D-4318) and grain-size distribution (ASTM D-422). Results of the moisture
content, dry density, Atterberg Limits and percentage of soil passing the No. 200

sieve are presented on Table |.

Consolidation - Consolidation tests were performed during this investigation.
Consolidation test samples were prepared and placed in a consolidometer ring between
porous disks. An initial seating load of 500 pounds per square foot was placed on the
sample. The sample was then loaded to 1,000 pounds per square foot. The percent
change in sample heights was measured with a dial gauge as the sample was wetted
and loaded incrementally until a straight line relationship between load and strain was
obtained. In two cases, the loads were reduced to measure the rebound portion of the
consolidation curve. The consolidation test procedure described is similar to ASTM
Method D-2435. Results of consolidation tests are plotted as a curve of the final
strain at each increment of pressure against the log of accumulated pressure. These

tests are shown on Figures 12 through 14.

AVA.V APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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Triaxial Shear - A triaxial shear test was performed in general accordance with ASTM
D-4767. The sample was prepared by trimming the ends perpendicular to the sample
axis and placing it in a latex membrane. The prepared sample was placed in the
triaxial cell and was saturated using back pressure saturation. Testing continued by
placing a consolidation load of 7 psi and then shearing the sample to near failure. The
sample was then reconsolidated at 14 psi and then again sheared to near failure. The
sample was then consolidated at 28 psi and this time sheared to failure. Sample
strains, loads and pore pressures were monitored throughout each stage of the test.

The test results are shown on Figure 8.

Direct Shear - Direct shear tests were conducted in general accordance with ASTM D-
3080 on undisturbed samples of the soil. Each sample was consolidated at loads of
1, 2 and 4 kips per square foot. After each of the consolidation pressures, the sample
was sheared with the peak strength being obtained. The test results are presented on
Figures 9, 10 and 11.

Leached Water - Four samples of on-site soil were returned to the laboratory and were

used to obtain water leached from the soil. This process was conducted in
accordance with ASTM D-6151. The leached water was then used to measure the
Atterberg Limits of two possible sources of bentonite for the geosynthetic clay liner,

and also was used as the permeant in a permeability test of a GCL bentonite.
Permeability - Bentonite taken from a sample of the potential geosynthetic clay liner
was tested for permeability using one of the leachates obtained from the on-site soil.
The test was conducted following ASTM D-5084-90 procedure.

LABORATORY TEST RESULTS

Listed below is a summary of the index properties for the soils encountered by AGEC and also

Kleinfelder.

AVAV APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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Soil Index Properties

Soil Type Gravel Sand Clay Silt Liquid Limit Plasticity Index
(percent) {percent) (percent) (percent) (percent)
Lean Clay 0-1(0) 10-33(25) 51-97(28) 26-102 (44) 10-53(18)
Silty Clay 0-11(0) 21-36(28) 51-87(71) 21-49(30) 0-191(9)
Silty Sand 0-20(7) 49-92(73) 5-66(31) 20 - 29 (22) 0-9(2)
Sandy 11-70(47) 20-35(30) 8-56(29) 40 26
Gravel

Note: The values above are the ranges of samples tested within the general deposit.

The numbers in ( ) are average values.
The engineering characteristics of the natural soils were also determined by the consolidation
and strength tests. Listed below is a summary of the strength and compressibility

characteristics.

Strength - Direct Shear Test

Location Tested by Friction Coheston Remarks
{degrees) (psf)
B-2@ 2 Kleinfelder 35 550 Remolded to 95%
B-b @15’ Kleinfelder 29 75 Remolded to in-situ conditions
B-10@ 10" Kleinfelder 31 0] Remolded to in-situ conditions
B-2@ 34 AGEC 35 40 Undisturbed
B-3@ 14’ AGEC 33 0 Undisturbed
B-4@ 14’ AGEC 30 100 Undisturbed

AVAV APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C.
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Strength - Triaxial Shear Test

Location Tested by Friction Cohesion Remarks
{degrees) {psf)

B-4@ 24 AGEC 32 80 Effective Stress Parameters

26 160 Total Stress Parameters

Strength - Unconfined Compression Test
Location Tested by Compressive Strength (psf)
B-11 @10 Kleinfelder 3580
Consolidation Testing

Boring Depth Tested by Ccr Cc’ mpp Description
B-2 5' Kleinfelder 0.018 0.177 900 Lean Clay w/Sand
B-3 7%’ Kleinfelder 0.014 0.005 7000 Sandy Lean Clay
B-4 15 Kleinfelder 0.022 0.064 2000 Sandy Lean Clay
B-5 7%’ Kleinfelder 0.007 0.108 5000 Sandy Silty Clay
B-9 8' Kleinfelder 0.015 0.081 4000 Clayey Sand
B-9 30’ Kleinfelder 0.022 0.118 4200 Elastic Silt
B-11 10 Kleinfelder 0.010 0.165 2200 Silt w/Sand
B-1 68’ AGEC 0.01 0.092 — Sandy Lean Clay
B-3 29’ AGEC 0.008 0.101 2000 Lean Clay
B-4 19’ AGEC — 0.070 — Sandy Silt

In order to determine the potential impact of dissolvable salts on the performance of bentonite

from the GCL, leached water from four soil samples at the site and were used to conduct

Atterberg Limit tests and a permeability test.

The test results from the soil samples and the

effect of the leached water on the Atterberg Limits are listed below:

AVAS' APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C.
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Location of Leached Soil Sample

Sample Designation Sample Location
A Northwest Area of Property
B Midpoint on South Side of Property
C Near Kleinfelder B-3
D Near Kleinfelder B-5

The index properties of the soils tested of the samples obtained are indicated below:

Leached Soil Index Properties

Gradation Atterberg Limits
Samole “gg:tt:r:f Gravel +4 Sand -4 & Silt/Clay t;‘;:'f Plasticity
P (%) +200 (%) 200 (%) Index (%)
(%) (%)

A 6 1 60 39 22 6

B 6 0 9 91 18 1

C 5 0 18 82 22 6

C 2 0 61 39 17 2

Listed below is a summary of the test results using this water with the two different

bentonites.

AVAV APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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Water Source

Atterberg Limit Test Results

Cetco bentonite

GSE bentonite

LL Pl LL Pl
Distilled Water 492 470 532 503
Site Piezometer Water 363 329 284 2565
Sample A Leached Water 306 281 264 240
Sample B Leached Water 461 437 524 492
Sample C Leached Water 411 387 439 409
Sample D Leached Water 352 328 289 256

The permeability of the GSE bentonite using Sample A leached water was measured

to be 1.5 x 10 cm/sec.

SUBSURFACE CONDITIONS

Subsurface conditions at the site were characterized by the exploratory borings drilled by

AGEC and the subsurface information reported by Kieinfelder. The subsurface profile consists

of clay, silt and fine sand on the lower elevation portions of the site with more granular

materials being encountered on the higher elevation portions of the site.

Bedrock was

encountered in one of the borings at a depth of 143 feet (Boring B-1). The bedrock was

found to be limestone.

A general description of each of the soil types encountered in the borings is indicated below:

Lean Clay - The lean clay was found to be interlayered with sandy silt and occasionally

some silty sand. The clay was found to be stiff to very stiff, slightly moist to moist

and brownish gray in color.

AVAV’ APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C.
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Silty Clay - The silty clay was found to be sandy and medium to soft and wet. The

color of was found to be gray.

Silty Sand - The silty sand was found to contain occasional lean clay layers. The silty
sand was found to be loose to dense. The moisture condition varied from moist to

wet and the color was gray to grayish brown.

Sandy Gravel - The sandy gravel was found to be silty and clayey. Occasional cobble
and boulders were also encountered. The density of this deposit was found to be
medium to very dense. The moisture condition was generally moist to wet and the

color was brownish gray.

Bedrock - The bedrock encountered consisted of limestone. It was also found to be

gray.

FREE WATER

Water was encountered in the deeper borings at an approximate elevation of 4220 to 4235.

EMBANKMENT

A.

Section

A typical embankment section for the proposed landfill cell is shown on Figure 19.
The proposed section as described earlier, consists of an exterior slope of 3:1 and an
interior slope of 2:1 (horizontal to vertical). The embankment will have a top crest
width of 25 feet at a top elevation of 4265. It is our understanding that the

embankment will be constructed as a homogeneous compacted earth fill section with

AVAV’ APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644
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synthetic materials on the interior portion of the slope. The overall exterior height will
be from 15 to 19 feet. With the top elevation of 4265 and the interior toe elevation
of 4244, the interior 2:1 slope will be 21 feet high.

Stability

Stability of the proposed embankment and landfill was analyzed under several loading
conditions. Factors of safety for the embankment were determined with respect to
mass rotational and sliding wedge failures. Static and dynamic (pseudo) static

analysis of the embankment was conducted using the configuration discussed above.

1. Soil Profile
The soil profile used in the stability analysis of the embankment and landfill
was defined from the information obtained from the exploratory borings and
laboratory test results. The soil profile assumed is the weaker of the materials
encountered and consists of clay, silty clay and silty sand. A graphic

presentation of the soil profile used in the analysis is shown on Figure 19,

2. Moisture Conditions

No free water was included in the evaluation of the embankment slope other
than the ground water elevation of 4235 feet was on the east and up to 4260

on the west.

The potential of water entering the embankment would be limited to surface
infiltration from the exterior portion of the embankment. The interior portion

of the embankment will be covered with impervious synthetic liners. With this
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condition, the embankment and foundation soils were evaluated assuming
drained conditions. Due to the significant amount of sand, the interlayered
conditions of the fine-grained soil and the extended period of time for
placement of fill and waste, the natural soils were evaluated under drained

conditions.

3. Seismic Considerations

The seismic conditions, as reported by the USGS (2003) were used to evaluate
the stability of the embankment under seismic conditions. The USGS indicates
an acceleration that has a 2 percent probability of exceedance in 50 years (10

percent in 250 years) results in an acceleration of approximately 0.210g.

This acceleration was adjusted for the stability analysis as recommended in the
DMG Special Publication 117 “Guidelines for Analyzing and Mitigating
Landslide Hazards in California”. Using this document, an acceleration of
0.092g was used for the stability calculations assuming a threshold 15cm

displacement.

4. Strength Parameters

The strength parameters used for the stability analysis were determined from
the field and laboratory test results conducted in this study and also by
Kleinfelder. The testing consisted of penetration resistances, unconfined
compressive strength tests, triaxial shear tests and direct shear tests
conducted on undisturbed and remolded soil samples. Based on these results,
previous testing by others and our judgment, strength parameters for each

material were selected.

A table summarizing the waste and soil materials and their strengths is

indicated below:
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Material Unit Weight Friction Cohesion
{pcf) (degrees) (pcf)
- Waste 120 25 100
Embankment 120 32 300
- Clay, Silt, Silty Sand (Fine) 105 31 40
Gravel (Coarse) 130 37 0

A table summarizing the synthetic/soil materials and their internal and interface

strength parameters are listed below:

Strength Parameters - 2

internal Interface
- Friction Cohesion Friction Cohesion
(degrees) (psf) (degrees) {psf)
o A - Floor
Waste 25 100
25 100
- Soil Cover 25 100
21 80
Non-woven Geotextile — ~
8 0
Drainage Net — —
9.4 0
HDPE - -
8 0
— GCL 18 50
26.8 30
Soil 31 40
B - Side Slope (2:1 Slope)
B Waste 25 100
25 100
Soil Cover 25 100

[ T
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Internal Interface
Friction Cohesion Friction Cohesion
(degrees) (psf) (degrees) {psf)
23.9 95
HDPE (Textured) - -
21 250
GCL 18 50
26 30
Soil 31 40
C - Cap (4:1 Slope)
Soil 25 100
23.9 95
HDPE (textured) — —
21 250
GCL 18 50
21 80
Soil 25 100
25 100
Waste 25 100
D - Cap (top)
Soil 25 100
21.4 84
HDPE (textured) — —
21 260
GCL 18 50
21.4 8.4
Soil 25 100
25 100
Waste 25 100

AVAV’ APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644



Page 19

The interface strength parameters where specific test values were not available
were selected by taking the weaker strength of 1) the adjacent material, 2)
approximately 84 percent of the weaker materials if a smooth synthetic
material is included or 3) 95 percent of the weaker materials if a textured

synthetic is included.

5. End of Construction - Long Term Conditions

Typically, in a clay soil environment, construction of an embankment may
induce excessive pore pressure in the foundation soil. With the excessive pore
pressure, the friction resistance of the clay soils against sliding may not
increase with the addition of load. To model this condition where the excess
pore pressures reflect the addition of embankment material or waste, an end

of construction analysis is conducted of the embankments.

Under long term conditions, excess pore pressures which may have developed
during construction are assumed to have dissipated, thus mobilizing the friction
resistance available in the foundation soils. We have assumed this condition
under the long-term condition and during placement of waste within the landfill.
We anticipate that the landfill is large enough and that the placement of waste

would not result in a significant increase of pore pressure.

With the clay, silty sand to sandy silt material used for embankment
construction, the strength parameters for both end of construction and long
term conditions for the embankment were assumed to be in a drained

condition.

6. Bearing Capacity
Soil bearing capacity with respect to the proposed landfill was evaluated. The

stability calculations summarized in the next section also models a bearing

capacity type failure. A bearing capacity type failure is defined as the lack of

S
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strength within the foundation soils versus support of the proposed
construction. Typically, the bearing capacity of an embankment is evaluated

by conducting stability analysis.

Classical bearing capacity calculations have been conducted to determine the
bearing capacity of the natural soils with respect to the proposed embankment
construction and under the loading conditions resulting from completed
disposal cell. A safety factor greater than 3 with regards to classical bearing
capacity is calculated for the embankment alone at the level of the softest
natural soils. In these calculations, it was assumed that the soft clay material

extends to great depth.

Based on the calculations for bearing capacity and the information obtained
during the slope stability evaluation, we believe that the natural soil will
support the proposed construction and will result in suitable factors of safety

against bearing capacity type failures.

Stability Calculations

The stability of the proposed embankment and landfill was analyzed under
several loading conditions. Factors of safety for the embankment and the
completed landfill were determined against mass rotational and sliding wedge
failures. Static and dynamic (pseudo static) analyses of the embankment and
disposal cell were conducted using the configuration as described. Strength

parameters used in the stability analysis are listed on Figure 19.

Rotation failure analysis were conducted on the proposed embankment and on
the filled landfill cell aided by a computer. The stability program which models
this method was developed by Ronald A. Seagull, graduate instructor in
research, Purdue University as a joint highway research project in cooperation

with the Indiana State Highway Commission.
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Stability calculations indicate that the defined embankment and cut/fill section
has a static safety factor under long term conditions of approximately 1.5. For
the seismic long term conditions, the stability for the embankment alone is

calculated to be 1.3.

Calculations indicate that if pore pressures within the foundations soils were
increase to a level equivalent to the amount of fill placed for the embankment

{end of construction) a static safety factor would be 2.1.

Stability calculations for the final configuration of the landfill indicate a static

safety factor of 2.3 with a minimum calculated seismic safety factor of 1.6.

A summary of the safety factors obtained are included on Figure 19 with the

critical failure planes indicated.

Recommended minimum factors of safety are dependent on the uncertainty of
soils strength parameters and the cost of consequences of slope failure. The
Environmental Protection Agency recommends use of minimum static factor of
1.5 for a slope where the cost of repair is comparable to the cost of
construction and if there is no danger to human life or other valuable property
if the slope fails with large uncertainty in soil strength parameters. The
corresponding minimum factor of safety under seismic conditions is 1.3.
(Guide to Technical Resources for the Design of Land Disposal Facilities,
EPA/625-6-88/018, December 1988, Risk Reduction Engineering Laboratory
and Center for Environmental Research Information, Office of Research and
Development, USCPA, Cincinnati, Ohio 45628.)

Based on the subsoils encountered, laboratory test results, stability analysis
and given loading conditions, the embankment and proposed landfill cell meet

the minimum safety factors.
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8. Synthetic_Slope Stability

— Each of the synthetic liner areas contains dissimilar materials or is constructed

of dissimilar materials which have significantly different friction factors or
_ resistance to sliding. The weakest interface was evaluated on an infinite slope
type of evaluation under both static and pseudo static conditions. Listed below
is a table summarizing the location of the synthetic liner system, the weakest
friction value, the slope upon which the material is placed and the static and

pseudo static factors of safety.

_ _ Weakest Friction  Cohesion Slope  Safety Factor
Location
Interface {(degrees) {psf) (H:V)  Static  Seismic
. Interior Slope GCL/Sail 26 30 2:1 1.2 1.0
Floor HDPE/GCL 8 0] 1.7% 8 1.3
— Cap (Slope) GCL 18 50 4:1 11 4
Cap (Top) GCL 18 50 5% 2.2 1.6

Note: The interior slope was evaluated with 20 feet of protective soil cover

sloped at 2.5:1.

These results indicate that the synthetic materials, as currently designed, meet
- the minimum criteria for factors of safety except for the interior 2:1 slopes.
The integrity and desired factor of safety may be achieved on the 2:1 slopes
= by placing the soil protective cover in 10-foot vertical stages or by verifying
that the interface strength between the GCL and underlying soil on the slope
- is greater than we have assumed. The literature indicates that a higher strength
will most likely apply. We recommend that the strength of the proposed

- synthetic materials and the underlying soils be verified prior to construction,

- 1
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Settlement

Based on the subsurface information, along with the anticipated weights of the waste
material and configuration of the landfill, the amount of settlement that will likely be
experienced by the facility was estimated. Due to the variation in the waste height,
along with the anticipated variation and, therefore, compressibility of the foundation
soils, we estimate that the total settlement on the upper toe (west end) of the floor
of the landfill to be approximately 5 inches with the settlement at the toe at the east
end of the facility will be approximately 1 to 2 feet. The variation in settiement will
depend on the load and also the subsurface soil conditions. We estimate, however,
that this will happen fairly gradually and will not be detrimental to the performance of

the liner system.

Liguefaction

The density and type of soil encountered during this and Kleinfelder’s study indicate
that there may be thin, dis-continuous layers of soil that may be subject to liquefaction

during a major seismic event.

The locations where the soil is potentially liquefiable, as delineated by Kleinfelder are
in the borrow area, and not under the landfill. The subsurface soil investigated during
this study was found to not be susceptible to liquefaction at an acceleration with a

5% probability of exceedance within 50 years.

Based on the proposed construction, the existing soil conditions, the depth of ground
water, and the increased stress on the underlying soil due to the placement of the
waste, it is our professional opinion that the likelihood of liquefaction is very low and
would require an acceleration higher than predicted to have a 2 percent probability of

exceedance in 50 years.

R

AVA.V' APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644



Page 24

GCL COMPATIBILITY

Due to the salty environment of the site, tests were conducted in order to verify that the GCL

will perform as intended even under adverse conditions of the site.

A sample of bentonite from two different suppliers were obtained and tested for their
Atterberg Limits using distilled water, water obtained from a piezometer at the site, along

with a water leached from soil obtained from four different locations at the site.

The testing indicates the greatest impact on plasticity of the bentonite to be with water
leached through Sample A. Using the Sample A leached water, a permeability test was

conducted on the “GSE” bentonite with a permeability of 1.5 x 10° cm/sec.

CONSTRUCTION CONSIDERATIONS

Based on the subsurface investigation, the proposed materials and our experience with this
type of construction, the following precautions should be observed during design and

construction of the proposed landfill.

A. Foundation Preparation

Foundation preparation consists of removing any disturbed soils in the area of
proposed construction. Any vegetation or debris that is within the areas to receive fill
should be removed. Positive measures should be taken to remove any material in any

compactive areas that do not meet the compaction criteria.

(S
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B. Embankment Construction

1. Materials
The embankment may be constructed with a mixture of clay, silt, sand or
gravel soils. This indicates that any of the soil encountered at the site would

be potentially suitable.

Materials for construction of the embankment are available from the

surrounding area.

2. Compaction
All fill within the embankment should be placed and compacted to at least 95

percent of the maximum dry density as determined by ASTM D-698. Moisture
content of the fill would be at or above optimum moisture content to facilitate

the compaction process.

Fill should be placed in uniform lifts not more than 8 inches thick prior to
compaction. Compaction should be accomplished with heavy compaction

equipment.

Lifts compacted by hand operated equipment should be no more than 4 inches

in loose thickness.

3. Benching
Fill placed on slopes steeper than 5:1 (horizontal to vertical) should be benched

into the slope with benches no greater than 2 feet. In areas where the slope

is irregular and in rock, the need for benching may be eliminated.

e
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4, Erosion Protection

Exterior portions of the embankment may be protected to reduce erosion or

repaired when needed.

5. Construction Quality Control

The materials are to be observed and tested by a representative of the soils

engineer to verify that the densities and moisture contents meet the project

specifications.

S
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LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical engineering
practices in the area for the use of the client for design purposes. The conclusions and
recommendations included within the report are based on the information obtained from the
borings drilled at the approximate locations indicated on the site plan and the data obtained
from laboratory testing. Variations in the subsurface conditions may not become evident until
additional exploration or excavation is conducted. If the subsurface conditions or
groundwater level are found to be significantly different from those described above, we

should be notified to reevaluate our recommendations.

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C.

James E. Nordquist, P.E.

JEN/sc

AVE APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644



Page 28

REFERENCES

Goodman and Carol, 1968, Theory and Practice of Foundation Engineering, the McMillam
Company, New York, p 54.

Guide to Technical Resources for the Design of Land Disposal Facilities, EPA/625-6-88/018,
December 1988, Risk Reduction Engineering Laboratory and Center for Environmental
Research Information, Office of Research and Development, USCPA, Cincinnati, Ohio 45628.

Kleinfelder Report, May 18, 2004, Wasatch Regional Solid Waste Landfill in Tooele County,
Utah, File No. 35467.003.

Seagull, Ronald A., Janbu methods of analysis, Purdue University/ the Indiana State Highway
Commission.

Southern California Earthquake Center, 2002; “Recommended Procedures for Implementation
of DMG Special Publication 117, Guidelines for Analyzing and Mitigating Landslide Hazards
in California”, University of Southern California, Los Angeles, California.

U.S. Geological Survey Web Page, 2003, U.S. Geological Survey National Seismic Hazard
Mapping Project, http://qeohazards.cr.usgs.qov/eq/.

AVE APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C. 1040644



Wil

o
- ; ., \I
Rt

=
e

|
1,000 2,000 feet
Approximate Scale
1040644 ] m r Locations of Exploratory Borings




B-1
Elev. 4386.27°
North 7,479,138.81
East 1,293,915.65

Q0
s surface.
@I 59/12
- v,
: 37412
= =1
- §
.
Jq123/12
A
S |
- 1L {
14 |197/8
— 15 53'
- 4
f
- 7.
. 74
— 20
— 25
L 30
— 35
L.
&
=
el
Q
[a)
t— 40
L
l— a5
—— 50
— 65
-
— 60
"
i
= 65
70

Appfoximate Vertical Scale 1" = 8

PVC extends about 3
ralieet above ground

70 .

Depth/Feet

8-1
(Cont.)

~ 70 .y
i -
L. 75 'q'é -2

K \'.d:. A‘i

1912

- 80

xYT o
R

VS

X}

¥y,

oA
\
2 ua

[ QEpUQUPER- |

85

90

100

© 109

-
L
-
— 95
L
-
=

Depth/Feet

110

130

136

--- 140

80 —d

100 .

Depth/Feet

T

1

Deapth/Feet

B-1
(Cont.}

140 — 140 —
145 145 ]
.
.
150 150 —
2 4
156~ 1565
160 160 —
-4
165 165 |
170 170 .-
_
175 175 - ¢

See Figure 5 for Legend and Notes

Depth/Feet

1040644

EN

Logs of Exploratory Borings

Figure 2




B-2
Elev. 4349.66
North 7,479,335.61
East 1.294,448.91

B-3
Elev. 4249.11
North 7,4793,383.29
East 1,297,326.76

PVC extends about 3 feet
(—— 25/12 [ EU above ground surface. Q-
- . 1512
b i »
&
- r A4 -
68/12 18/12
-5 q 5 _
- 4 -
L - 4 ~
54/12 L 1912 '
— 10 10 — 1 10 —i
" I 4 i
- 5 & 4
a
1. 15 £ 52n2 16 ] 15
L .'g _J —
,‘,;.
Po,
L o N de
- % N » R,
};3 67/10 3 5
— 20 5 20 — ES 20—%
L ) £ g
- = [}
- N 2 4
|— 25 25 % 25 |
b - ...’ -
L . 7 ._
- ] j i
L - q WC = 55 -
6/12
L 30 | 56112 30 — /,] DD = 67 30
(4 A -200 = 87 .
— A -
L ;'; _ /J LL = 43 B
:g B 5 Pl =19 N
o /] _
B gg: 712 WC = 13 1 f 32 WC = 21
- 35 B4 DD = 87 35—~ 210 DD = 107 35 —
Bl :;'} +4 =11 4% - .200 = 56 ~
LEL_ [ /] 200 = 54 ~% - tL = 21 _
el A% L Pl =7 A
® &
er 3712 e - B
L a0 40 — L 40 40 !
r 50/4 )
|— 45 45 —
- i 100/10 -~
| _ 50 50 —.
. - B-2
| {Cont.)
— ~t
" 18/12 7
l— 55 55 —- — 70 70
B 50/6 [ 7
| _ 60 60 — — 75 75 -]
- - EBh 13
w ol du
N £ r
- - a - a
£ Q
- -4 Q — 0
l_. 65 65 - | — BO 80 —
: - N
- 70 5016 70 L. 85 85 —
Approximate Vertical Scale 1" = 8’ See Figure 5 for Legend and Notes
1040644 m Logs of Exploratory Borings Figure 3




B-4
Elev. 4301.78’
North 7,479,375.68

East 1,295,319.77

Depth/Feet

Approximate Vertical Scale 17 = 8°

o
co
S5 S S

10 ~

S S

Depth/Feet

chende o
®
ES

60 —| —-

Depth/Feet

Depth/Feet

B-5
Elev. 4248.18"
North 7,480,376.82
East 1,297,117.15

35

30
n
-
—

40

70—

©
)
Lot

PVC extends about 3 feet
above ground surface.

26/12 5

A 45012 y
= 20 —
E -y
.

40/12 25 __|

12/12 WC = 28 1

DD = 94 30 —

-200 = 28 -

NP -

112 WC = 40 7

DD = 79 35—

-200 = 88 -

LL = 44 —

Pl = 23 -

40 —

Depth/Fest

See Figure 5 for Legend and Notes

Depth/Feet

1040644

AEN

Logs of Exploratory Borings

Figure 4




g vanbiy

sbuuog Asoieiojdx3 Jo saloN pue pusbe -ﬁ 6290701

nse|d UON = dN
%) xapu| Auduseld = Id
%) Hw) pinby = M
'9ABIG 00Z 'ON Buissed 1uedled = 00Z-
9AS ¢ "ON UO pIUIBIAY 1UIDIRd = P+
‘(yod) Ausuag Aug = QQ

(%) IURIUOD IRIBAA = DM ‘8

aoepuns punolb ayl asoqe 189} ¢ Aj@iewixoidde 0} SPURIXa JIADD |[@m
ayl AQ pa10ai0.id adid DA Jerewelp youl-Z 8yl "qejs 81e4dou0d alenbs 100} 7
e ul 1as 18A02 Buiydo| 9215 sJenbs Youl ¢ B Yiim paialdwiod 818M S|[8M J0UUCH i

‘WL YHM IND00 ABW [9AS] JEIBA 34l Ul SUOILBNIIN|4  “P3leJIPUl SUCIHIPUOD

ayl Japun pue awn ay} e apew alam sBo| ayl uo umoys sbuipeal (8A8] 1BIEAA ‘9
‘lenpeJB
ag Aew suonisuel) ayl pue sadA) [BU3lBW USIMIBQ SILBPUNOY 3ewixoidde
oy} Juasaidas sBoj Buliog ey) UC UMOYS S|BLIBIBW BY) USBMIB] SBU) By} g
‘pasn poylaw ayl Aq perdu eesbep
3yl 01 AJUC 31BJNDJR PEJBPISUOD 9Q PINOYS SUOIIBASIS PUB SUOILE0| Buliog 8y | v
“19autbua |IA1D AQ pasnseaw aiam sBuuog jo suoneas|3 S
1aauibua 1a1o AqQ papiaocid aiam sBunoq jo suoneso’ 4
‘uonBINAID

JIE Ylm UQ BUOD-UY YOul G'g puk Jabne waels-mojjoy Jejewelp yaul-g Yitm $00Z
‘67 PUB 8Z LZ '9Z 'ST 'TT 'LZ '0Z ‘8L 'Sl ‘vl ‘€1 18Q0OlOQ U0 pajjup ssem sBuliog L

‘S310N

‘pUBS YlIM pajjyorq 99eds lejnuue S81ealpuj

‘PUUOILSQ YUM DI[[1}9eg 922dS 18|NUUE S@1EDIPU|
*910JOU0T) JUSWISD PUBJLIO YiIM Pejji}2eq @eds Jgjnuue se3edipu|

“adid DAd 1030weIp ,Z PIIOS S81R2IPUl Q
o

'SaUDUL 010’0 1018 UseIdg -|9m Bunolluow yo UoILIOd paueaIIs $81edlpuy]

‘u9NBl SBM lUdWIINSRIW

eyl Bul(p 18148 SABD JO JAGWINU BYL PUR JBIEM 994 0} YIdap oyl S81EJIPU|

‘umoys yidap ay) o1 Buiioq ayl ul pejeisu] 8did DA Youi ¥ | PL110|S S8IeIIpU|

‘uaye) 9|dwes pagq.nisip se3ed|py|

~==1
] [l
[ S,

‘sayouy zZ | sejdwes
eyl 8ALP 01 pasinbas s1em saydul Og Buijiey Jewwey onswolne punod Ot
B WOl SMOIG O] }eyl 5831e0Ipul Z | /0| 10qwAs 8yl "ueyel apdwes 9auQ eiusope) Z1/0L

L1

ouolseWwl] Aein

*ABJB ySIUAAOIQ ‘1SI0W ‘FSUIP AlaA O wnipew
‘$J0p|NOG PUR 8]qGOJ [RUOISSRII0 ‘ABAB|O PUB AYiS ‘ApUBS ({DD/ND) 1FARIH

‘umoiq ysiAeib oy

w
ABJB ‘Jem 03 1SI0W ‘ISUBP 0} BSOO| ‘SI8AB| AB|O UBS| |BUOISSRID0 ‘ALjts (NS} pueS k

"ARJB ‘18M ‘}0S 01 WNIpew ‘Apues ((TA-1D) ARiD Ay

‘Agib ysiumouiq ‘isiows
01 310w AJyBis ‘3315 AJBA 03 JiIs ‘IjIs Apues yuam peisAepeiul ({1} AR uee)

‘nosdoy

‘ON3937




APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

Sieve Analysis
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Clay to Silt : Sand __ Gravel Cobbles | Bouiders
Fine | Medium |Coarse] Fine | Coarse
Gravel 0% . Liquid Limit -
Sand 50% Piasticity Index -
Silt and Clay 50% Sample Location B-4 @ 14'
Sample Description  Sandy Silt
Hydrometer Analysis Sieve Analysis
Time Readings U.S. Standard Series T Clear Square Openings
H24 b7 Mn60 Mmi®  Mind  Mnl  #200  £100  #50 40 £30 ne e “ 8 M 2 Y 5% e
Miin 45 Min 15
100% gt 7+ i
90% §— /K S (R G — i
80% {— |t ——1
o
£ 70% y Aot
0
E 60% 44+
g %} i
g 40% —
;6_ 30% § —
20% F—+ -
10% { 4‘_FT4T }{
0% } } 4 —— $ S -+ -4 - ++
001. 002 005 003, 019 037 074, 149  297. 590. 119 238 476 952 191 381 762 127 200
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Diameter of Particle in Millimeters
Sand Gravel
i C
Clay to Silt Fine [” Medium [Coarse] Fine | Coarse obbles | Boulders
Gravel 0% Liquid Limit -
Sand 34% Plasticity Index -
Silt and Clay 66% Sample Location B-4 @ 19

Sample Description  Sandy Silt

Project No. 1040644 GRADATION TEST RESULTS Figure 7



(01-03)/2

q=q'=

Pore Pressure, psi

Deviator Stress (g1-03), psi

— Sample Description

Project No.

50

-

80
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I

T

¢ = 160 psf
¢’ = 80 psf

¢ = 26 deg
¢'=32deg

20 30 40

N W A OO N ® O

10 60 70 80 90 100
p' = (o4'*03')/2, or p, psi
Test No. (Symbol) oo »
N Sample Type undisturbed
Length, in. 4.00| 3.83] 372
] Diameter, in. 1.93] 1.76] 1.65
Dry Density, pcf 91] NFA | N/A
Moisture Content, % 9] N/A | NIA
Consolidation Pressure, psi 6.9] 13.9] 27.8
"B" Parameter 0.96] 0.96] 0.96
O Total Confining Stress (c3), psi 6.9 13.9] 27.8
Total Axial Stress (o)), psi 20.3] 39.9y 73.7
Deviator Stress (6,-03), psi 13.4| 26.0] 45.9
20 Effective Lateral Stress (a;'), psi 5.2| 10.8] 19.9
Axial Strain, % Effective Axial Stress (o,"), psi 18.6] 36.8] 65.8
Pore Pressure (u), psi 1.7] 31| 7.9
Strain, % 3.0 3.0f 3.0
Remarks [Multistage Test (CU) Consolidated
Undrained with pore pressure measurements.
Sample saturated with back pressure saturation.
Sample Index Properties
Natural Dry Density, pcf 91
Natural Moisture Content, % 9
Liquid Limit, %
Plasticity Index, % non-plastic
Percent Gravel 0
10 15 20 Percent Sand 44
Axial Strain, % Percent Passing No. 200 Sieve 56
Sandy Silt Sample Location B-4 @ 24
1040644 Triaxial Compression Test Results Figure 8



¢ = 40 psf ¢ =35deg

Shear Stress, ksf
[ V]

0
_ 0 1 2 3 4 5 6 7
Normal Stress, ksf
o 40
Test No. (Symbol) w0 | 2m | 30
Sample Type Undisturbed
o 3.5 f JLength, in. 1.00 1.00 1.00
[Diameter, in. 1.93 1.93 1.93
50 Jory Density, pef N/A N/A N/A
. YO'OOO,: Msture Content, % N/A N/A N/A
— 000C ? lConsolidation Load, ksf 1.0 20 4.0
w25 S B T lNormal Load, ksf 1.0 20 4.0
- 2.
x [shear stress, kst 0.81 135 | 289
17}
8 Remarks Strain Rate 0.05 in/min.
- @»20 RS [ SR
:6 /
o
£
w
1.5
1.0 - —
f[sample Index Properties
- |IDry Density, pct 87
05 1 1 - [Moisture Content, % 13
fLiquid Limit, %
_ 00 JPrasticity Index, %
000 005 010 015 020 025 030 035 o4  |PercentGravel 1!
Horizontal Displacement, in. lPeroenl Sand 35
JPercent Passing No. 200 Sieve 54
Type of Test Consolidated Wetted
o Sample Description Sandy Silt From B-2 @ 34

Project No. 1040644 Direct Shear Test Results Figure 9
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4 T
| I | |
i
¢ =0 psf ¢ =33 deg
3 . — — i 4 - —
2 \
a i
[ v
@ :
& 2+ ———t—_—— - —— R _—
g |
Q
£
w
1 R _
{
I
; ;
\
0 !
0 1 2 3 4 5 6 7 8
Normal Stress, ksf
40
Test No. (Symbol) w | 2m | 30
Sample Type Undisturbed
3.5 Length, in. 1.00 1.00 1.00
{Diameter, in. 1.93 193 | 193
fory Density, pef N/A N/A N/A
30 - - Jmoisture Content, % N/A N/A N/A
IConsolidation Load, ksf 1.0 2.0 4.0
_ 20 4.0
w25 1 %,,,  oootg .t A ——] {Normal Load, ksf 1.0
£ 000 Y [Shear swess, kst ve7 | 121 | 262
§ fOQQUY Remarks Strain Rate 0.05 in/min
320 b SRS R . S
] ]{
[}
L
(2]
15

1.0 ]
[sampie Index Properties
Jory Density, pof 103
0.5 1 P f IMoislure Content, % 5
Juiquid Limit, %
0.0 d |Prasticity index, %
000 005 010 015 020 025 030 035 040 [percent Gravet 0
Horizontal Displacement, in IPeroent Sand 92
FPercent Passing No. 200 Sieve 8
Type of Test Consolidated Wetted
Sample Description Poorly Graded Sand with Silt From B-3@ 14

Project No. 1040644 Direct Shear Test Results Figure 10
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4 ‘ :
|
¢ = 100 psf ¢ = 30 deg '
1 |
3 —t = — - -1 —_ H | -
- !
n
p |
2, | i R i I
7 [ ! 1
@ !
Q
=g
& | \
, | N
1
i
i
]
]
0
0 1 2 3 4 5 6 7 8
Normal Stress, ksf
40
’ Test No. (Symbol) o | 2m | 30
: Sample Type Undisturbed
35 - : Length, in. 1.00 100 1.00
\ fDiameter, in. 1.93 193 | 193
. iDry Density, pof N/A NIA N/A
3.0 l Woisture Content, % N/A N/A N/A
IConsoIidaﬁon Load, ksf 10 2.0 4.0
w25 4 . o _, [normal Load, kst 10 20 4.0
Q_ yODDO‘ IShear Stress, ksf 064 1.29 2.39
[
é’ ,000O0C :Oﬁ Remarks Strain Rate 0.05 in/min.
© 2.0 - E— — | ]
]
[
=
? 2]
1.5
10 i
|[Sample Index Properties
{lory Density, pet 90
05 > ||Kﬁoisture Content, % 9
fiLiquid Limit, %
00 fPrasticity Index, %
000 005 010 015 020 025 030 035 040 iIEe“’e"' Gravel 0
. ) ) Percent Sand 50
Horizontal Displacement, in
F fPercent Passing No. 200 Sieve 50
Type of Test Consolidated Wetted
Sample Description Sandy Silt From B4 @ 14

Project No. 1040644 Direct Shear Test Results Figure 11
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14

15
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Moisture Content 16 %
Dry Unit Weight 110 pcf
Sample of: Sandy Lean Ctlay
From: B-1 @ 68 feet
N
\’ Additional movement under
- —} constant pressure upon wetting
'\
\
\
*~~~~A
01 1.0 10 100
APPLIED PRESSURE - ksf
Project No. 1040644 CONSOLIDATION TEST RESULTS Figure 12
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Moisture Content 55 %
Dry Unit Weight 67 pcf
Sample of: Lean Clay
From: B-3 @ 29 feet
0
2 ™~
<
\\
\\ No movement upon wetting
4 Ny p—"
| (\
8 N\
10
12
&
5
wn 14
[
e
3 \
o 16
) \
18 \
\
20
22 \
24 "
—
\\
e~
26 T—
Note: Scale Change
0.1 1.0 10 100
APPLIED PRESSURE - ksf
Project No. 1040644 CONSOLIDATION TEST RESULTS Figure 13



Compression -~ %
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Moisture Content 9 %
Dry Unit Weight 84 pcf
Sample of: Sandy Silt
From: B4 @ 19 feet
\
-
S
Additional mayerrient under
M/-con_stan't preé%d@%Upon wetting
\\
)\
A
0.1 1.0 10 100
APPLIED PRESSURE - ksf
Project No. 1040644 CONSOLIDATION TEST RESULTS Figure 14
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125.0 .

1200 EELETTTTT0TT \ - - _“kql.q:s‘Curb“#_f_g[; A Project Wasatch Regional
TN T d sl fy o] ProectNo. 1040644
\\\ L1 /2427 CEET] SampleNo. A
T NN T T optimum Moisture 15.5%

Atterberg Limits

"IﬁI.KI.R."..ZIﬁﬁII JTTEITELT Liquid Limit 22%

Plasticity Index 6%

T
NG HERE
N
.0’
Prad

\
.\X..T INENNENEEEES Gradation
\ h" T Gravel 1%
Silt & Clay 39%

Pl

Dry Density-PCF
3
(=]

=)

o

(=)
P

..

S I A 1t 8 2 A o 8 A4 N Reviewed By: JS
5 000 0 O O O D O A O O A O O \.[-]] Test Procedure: ASTM D698 A
" Sample Location: NW Corner

A7
i

Description:  Silty Clayey Sand

P

0.0 5.0 10.0 15.0 20.0 250 30.0 35.0

85.0

Moisture Content-Percent of Dry Weight

Hydrometer Analysis Sieve Analysis
Time Readings U.S. Standard Series T Clear Square Openings

f;';‘l'n 1;“""‘ G0MIn 19Min  AMIn  TMin  B200  #100 #SO #40 #30  #16 ¥ 'Oxs “ W e e Y e e

100% H— b tr——+ 4 e

90%

80% //

|~

70%

60% - A‘T

50% e T—t

40%

30% 1 L L]

20% x

Percent Passing

10% =

0% } t } = - t s T S L R o e s o
001 002 005 .00 019 037 074 149 297 590 1.19 218 476 952 19 1 381 76.2 127 200
420 20 152
Diameter of Particle in Millimeters

. Sand Gravel
Clay to Silt Cobbl Boulders
ay fo =i Fine [ Medium [ Coarse Fine I Coarse s ©

GRADATION &
MOISTURE-DENSITY RELATIONSHIP Figure 15




Dry Density-PCF

Percent Passing

125.0 T

Project VWasatch Regional
Project No. 1040644

Sample No. B

> Maximum Dry Density 104 pcf
\f/// '_fLL} T Optimum Moisture 19%

b
[ SEWNE
b i~

—
R =EPD=dP= el
LA AT
il BN
=i
I\
N
AN
Wara)

Atterberg Limits
Liquid Limit 18%
Plasticity Index 1%

-
Q
a
o

LT LT Gradation
\_ T Gravel 0%
1IN Silt & Clay 91%

==

3
o
P

AR RRERER R AR ! Reviewed By: Js
SRR NN L] Test Procedure: ASTM D698 A
Sample Location: Midpoint South

Side

o

90.0 I I O

;1//

Y4
vy d

. .'.:fijfﬁf‘fiﬁﬁf" N O O fﬁ: O N Description:  Silt
s y . , 4 \ )

0.0 5.0 10.0 15.0 200 25.0 300 35.0
Moisture Content-Percent of Dry Weight

Hydrometer Analysis Sieve Analysis

Time Readings U.S. Standard Series l Clear Square Openings

24 H_r 7 H’ 60 Min 19 Min 4 Min 1 Min #200 #100 ¥50 #40 #30 #16 '10#8 M s 34" 1-172" 3 546 8"
45 Min 15 Min "

100% f t t Ht h t + r—tt .#:::}43':]

90% .

80%

70% ~

60%

50%

40% 7

30%

20% P

10%

0% 1 1 " 3l } I\ jL_lt SIS S T 4
o = T T \J T T T L JME S B B Rl B SN v T

1
001 002 .005 .008 .018 037 .074 149 .297 590 119 238 476 952 191 381 762 127 200
420 20 152

Diameter of Particle in Millimeters

Clay to Silt : Sand ___Cravel Cobbles | Boulders
Fine ]| Medium | Coarse Fine | Coarse

GRADATION &
MOISTURE-DENSITY RELATIONSHIP Figure 16
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125.0

000 LT L] REERALCALLILNNE Project Wasatch Regional
ST R - \ \ AR Project No. 1040644

_ B 1 A A WA SR L9328 Sample No. C
qH27
P Toye 0 A \ \\ - /f'/r algh Maximum Dry Density 110 pcf
A0 o :"1"&\\%] i/ TFETTEITTT| optimum Moisture 16.5%
- LU T N L Atterberg Limits
w 1100 R
8 NN b Liquid Limit 22%
: HERAS \\ ) \ Plasticity Index 6%
¥ 1050 N N, '
g / \‘ I TTT] Gradation
a A NN Gravel 0%
- g T Sand 18%

-
o
o
o

........................

WEESEERE Silt & Cay 82%

AR At Reviewed By: JS
] \\ N Test Procedure: ASTM D698 A
%00 T1717 Tl e NN T Sample Location: B-3

N Description:  Silty Clay with Sand

85.0
o 0.0 50 10.0 15.0 200 25.0 300 350

Moisture Content-Percent of Dry Weight

Hydrometer Analysis Sieve Analysis

Time Readings U.S. Standard Series ] Clear Square Openings
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45
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80%
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o 60%
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20%
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T T Al
001 .002 005 009 018 037 074 149 297 590 1.19 238 476 952 161 81 762 127 200
— .420 2.0 152

Diameter of Particle in Millimeters

; Sand Gravel
Clay to Silt Cobbl Id
ayfo st Fine [ Medium | Coarse Fine | Coarse obbles Boulders

= GRADATION &
MOISTURE-DENSITY RELATIONSHIP Figure 17
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Project
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N1 Reviewed By: JS
IXRNTT]  Test Procedure: ASTM
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Description:  Siity Sand

Wasatch Regional
Project No. 1040644
Sample No. D

P Maximum Dry Density
T Optimum Moisture

118.5 pcf
12%

17%

2%

0%

61%
39%

D698 A

Hydrometer Analysis

Sieve Analysis

Time Readings

U.S. Standard Series

I Clear Square Openings

Hr T Hr
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1 Min %200 #100 #50 #40 230 #16 'mwe
1 bl n
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100%
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T T
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bt 3l
LUNDE BN | B B B I

90%
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70%

60%

50%

40%

Percent Passing

30%

20%

10%

el VI T | R W | 313 |
A Tt —rrrt ¥ L )

0%

001 002 005 008 019

3 ' ot L I gy I
T v LI S T L — T

037 074 149 207 .590 118 2.38 476 9.52 191 381 762 127 200

420 20
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Diameter of Particle in Millimeters

Clay to Sitt
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Fine | Medium | Coarse

___Gravel Cobbles
Fine | Coarse
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Soil Characteristics
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Bearing Capacity
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APPENDIX 3

Embankment Stability
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GeoSlope EERRE
Version 5.00 * ko k
ok ok ak ok
(c)1992 by GEOCOMP Corp, Concord, MA *HkkE
Licensed to AGEC L L L

32 ke kA ok ok o e ke 3 o e e ok ok ok ok ok ok ok ok o sk ok s ok o 3l ok sk ok ok o ok sk e o 3k K ok 3 ok ok ok 3k ok ok 3k ok oK 3K ok o oK ok ok ak ok 3 ok ok ok ko sk ok ok 3k sk kK k ok

Problem Title : WRL Embankment Stability - Static
Description :
Remarks :

3 3 ok e o ok o ok e ke o ok gk ok 3K sk ok ok ok ok sk k ok s 3k sk sl ak ok sk 3k sk sk ok e 3k ok ke 3k ok ok dk 3K ok 3k 3K ok sk ok o ok ok o dk ok ok 3k ok 3 ok ok ok ak ok ke 3k ok ok %k K

ERKKk N LR L 2]

INPUT DATA

3 o ok ok ok ok o sk e ok ok ok ok ko ok 3k 3k o ok 3k i ok o ok e e 3 ok e a3k ok e ok s ok ok ok e ok o e ok ok 3K 3k 3 ok 3k ok ok i ok ok 3k K oK ok ok ke ok 3k ok ok ok ok e ok e ok ke ok ok ok ok

Profile Boundaries
Number of Boundaries : 6
Number of Top Boundaries : 5

Boundary X-Left Y-Left X-Right
No. #) ) )

Y-Right Soil Type
(ft) Below Bnd

1 0.00 50.00 50.00 50.00 2
2 50.00 50.00 60.00 55.00 2
3 60.00 55.00 92.00 71.00 1
4 92.00 71.00 117.00 71.00 1
5 117.00 71.00  150.00 60.00 1
6 60.00 55.00 150.00 55.00 2

Soil Parameters
Number of Soil Types : 2

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 120.0 120.0 3000 320 000 00 1

2 1050 1050 400 31.0 0.00 00 1

Piezometric Surfaces
Number of Surfaces : 1
Unit Weight of Water : 62.40 pcf
Piezometric Surface No. : 1
Number of Coordinate Points : 2

Point X-Water Y-Water
No. (ft) ()
1 0.00 41.00
2 15000 41.00
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% 3k 2k o ok ok ok ok ok ok ok ok o o o ok o sk o ke ok ok o o okl ok 3k ok e ok ok sk ok ok ok o ok o ok o ok o ok o ok o ok o ok ok e e ok e o o ok ke ook i ok kok kol e kol ok ke

iy TRIAL SURFACE GENERATION srrks

33 ok ok 3 ok o ok e 3k 2 e ok o ok e ok ok A ok ok 3k ok ok e ok ok ok 3 ok sk 3k 3K 3k ke ak 2 ok o sk sk ok o ok ok ok ok 3k o ak ok ok ok ok ak ok ok ko ok ok ak ok 3k K ok ok ok ok o ok de ok ok ok

Data for Generating Circular Surfaces

Number of Initiation Points : 50
Number of Surfaces From Each Point : 50
Left Initiation Point : 10.00 f&
Right Initiation Point : 55.00 fi
Left Termination Point : 90.00 ft
Right Termination Point : 140.00 ft
Minimum Elevation : 1.00 ft
Segment Length : 5.00 ft
Positive Angle Limit : 0.00 deg
Negative Angle Limit : 0.00 deg

e s e ok ok ok o 3o o o ok o o o ok o ok ok 36 o o oo o ok o ok ok ok ok o ok o o ol o e ok o o ool o o ok ol o o o ok ook o o ok oo ok o ook ok ook ok ook ok oK ok ok ok ok

ook ok % %k RESULTS % 3k ok %k
e 3 3 s 3 s e ok ok ak sk ok 3k ok 3k o ke dk 2k ok ok % ok sk 3 sk ok 3k 3 ok de K 3k sk ok sk ok 3 ok e ok sk ok k% ok dk ok o 2k ke ok afe ol ok 3k ke ok 3k o 3k ok e ok 3k e afe ok 3k sk 3k ok ok ok ok K
Surface No. : 1

Factor of Safety : 1.982
Circle Center X : 60.18 ft
Circle Center Y : 86.31 fi
Circle Radius : 38.41 ft

Slice X Y Width Weight Load Water Normal Shear
®) (@) (@) (dbs) (lbs) (Ibs) (ibs) (Ibs)

1 4883 4968 235 791 00 00 1040 806

2 5124 4902 248 4159 0.0 00 4857 199.1

3 5495 4834 495 21513 00 00 22806 7925
4 5871 4799 257 17181 00 00 17218 5740
5 6121 4798 243 19692 0.0 0.0 19734 6474
6 6491 4828 496 49649 00 0.0 4809.1 15592
7 6981 4921 484 57892 00 00 55203 17748
8 7455 5078 464 61000 00 0.0 58249 18672
9 7904 5295 435 59104 00 00 57474 1843.7
10 81.76 5459 1.09 14734 00 0.0 14844 4777
11 8376 56.09 290 37589 0.0 0.0 34674 1643.5
12 8700 5893 3.57 40994 00 0.0 3818.0 19609
13 9033 62.65 3.09 27828 0.0 0.0 25275 1554.0
14 9194 6473 0.13 964 00 00 813 638

15 9321 6688 242 11977 00 0.0 741.7 9527

ot
(e

9487 699 089 1113 00 0.0 -298.1 2488
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(c)1992 by GEOCOMP Corp, Concord, MA

GeoSlope bbb
Version 5.00 *hkkx
FELTT)
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PrYTL

Licensed to AGEC

% 2 3k 3k e 2k ok 2 2k ok sk e 2 ok o e ke e e e 3 ke ok sk ok s ool ak ok ke ok ol sk ofe sk ok ok 3 ok 3k ak g 3 ak sk o kool ok 3 sk ok ok o o 3 ok o sk ok ok ok ok e ok o o e ok e ok ok ke ok ok

Problem Title : WRL Embankment Stability - Seismic
Description :
Remarks :

e 23k ok ok ok ok ok 3k 3 s e sk sk ok ok e ak a3 ok ok ak sk ok ok ok ok sk ak o e ok ak 3k ok ak ok 3k ok 3k 3 ok ok ok ok ok e ok 3k o ok 2 3k ok 3K ok ok 3k ok ak o ak ke ak ok k3 ok ok ok ak e ok ok K ok

HERkk ek ek

INPUT DATA

ek ok o sk ok ok o 3k e e 3 ok 3k ok 3k e ok s ok ak sk s ok ok ke 3 ok ok ak oK ok o 3k ok ke 3k 3k 3k 3K K ok 3k 3k 3k s ak 3k e ok ok ok 3k o ok ok 3 ok ok e e e dk ok 3k ok ok 3k ok sk ok ok

Profile Boundaries
Number of Boundaries : 6
Number of Top Boundaries : 5

Boundary X-Left Y-Left X-Right
No. (ft) ) #®)

Y-Right Soil Type
(ft) Below Bnd

1 0.00 50.00 50.00 50.00 2
2 50.00 50.00 60.00 55.00 2
3 60.00 55.00 9200 71.00 1
4 92.00 71.00 117.00 71.00 1
5 117.00 71.00 150.00 60.00 1
6 60.00 55.00 150.00 55.00 2

Soil Parameters

Number of Soil Types : 2
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 1200 1200 3000 320 000 00 1

2 1050 1050 400 310 0.00 0.0 1

Piezometric Surfaces
Number of Surfaces : 1
Unit Weight of Water ; 62.40 pcf
Piezometric Surface No. : 1
Number of Coordinate Points : 2

Point X-Water Y-Water
No. ft) (ft)
1 0.00 41.00
2 15000 41.00
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Earthquake Loading
Horizontal Acceleration Coefficient : 0.093
Vertical Acceleration Coefficient ; 0.000

3 o 20 3 3ok oo o ok o o e ok ok oK ok a0k ok ok e ok ok e sk ok ok ok o ok Sk ok o K ol o e ok o ok ke sk o e 0 o oo e ok ok ok ok ol o ok ok % ok ok e 3k ok ok ok sk oke ke k% %

i TRIAL SURFACE GENERATION waar

2 sk sk o ok o 2 e e e e o ok ke s al o ak ok s o ko e ok ok e ek ok o sk o o ok ek e ke ok ok ol 3 ok sk e o 3k ok ok e e e e ke ke ke ok ok ol ok ok oK o ook e ofe ok ok ok

Data for Generating Circular Surfaces
Number of Initiation Points : 50
Number of Surfaces From Each Point : 50
Left Initiation Point : 10.00 ft
Right Initiation Point : 55.00 ft
Left Termination Point : 90.00 ft
Right Termination Point : 140.00 ft
Minimum Elevation : 1.00 ft
Segment Length : 5.00 ft
Positive Angle Limit : 0.00 deg
Negative Angle Limit : 0.00 deg

e o o o e ol ot o ok ol o ok ok ok ko8 o ke ke ok ok o ok ok o e ok ok o o ok ok ol ok e ok ok ok o ko e ok ol s ke ake ke o 2k ke o ok ok e ok ok e ok ok ok ko ok ok Kk ik ok sk ok ok 3k ok

*okakok ok RESULTS TTE Y
2 28 ok 2 ol 3 sk 2 3k 3k 3k sk 3K ok 3k 2k 3k ok afe 2k 2 ke s sk ok ok ok 3 ok ol ke aje o e ol age ok oo e o ok ke ok ok ko ok sl ok ol al o ok oje sk e ke ok ok ok ok R ke ok dk ok dk ok ke ke %k
Surface No. : 1

Factor of Safety : 1.625
Circle Center X : 56.90 ft
Circle Center Y : 89.77 f
Circle Radius : 42.11 ft

Slice X Y Width Weight Load Water Normal Shear
ft)y @) @) (bs) (Ibs) (Ibs) (Ibs) (Ibs)

1 4547 4932 481 3436 00 0.0 4376 2849
2 4894 4847 213 3413 00 00 3759 1920
3 5141 4808 281 7740 00 0.0 8440 3822
4 5531 47776 5.00 25657 0.0 0.0 26089 108738
5 5890 4776 2.19 15405 00 0.0 14963 6074
6 6140 4796 279 22975 00 0.0 22325 8945
7 65.24 4857 490 48504 00 0.0 4581.0 1817.0
8 7007 4985 475 54368 0.0 0.0 5066.4 1996.5
9 7471 5169 453 55709 0.0 0.0 51942 20438
10 7878 53.87 3.62 45102 0.0 0.0 4265.0 1682.1
11 8091 5519 062 7684 00 00 662.1 3903
12 8317 5695 390 45133 00 00 38554 2405.7
13 86.87 60.29 3.51 34256 00 0.0 28373 20142
14 90.16 64.05 3.06 22109 00 0.0 1616.5 15448
15 9184 6629 031 1746 00 00 920 1484
16 93.13 6844 225 6924 0.0 0.0 -3.1 8089
17 9441 7066 030 123 00 00 -1485 800
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APPENDIX 4

Landfill Stability
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GeoSlope

Version 5.00

ook ok koK

* ok %k Kk

* sk okok %

(c)1992 by GEOCOMP Corp, Concord, MA
Licensed to AGEC

ok ok ok ok k

*okkokok

a3k ok e o ok ok ok ok oK ok ok ok ok ok ok ok o ok ok sk sk ok ok o oKk ok ok ok ok ok ok sk o ok ok ok sk ok ok ok sk ke sk sk ok sk ok ok ok sk ok o ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Problem Title : Wasatch Regional Landfill waste slope static

Description :
Remarks :

st s o ok e K o o sk ok oK o ok ok ok ok ok o ok sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok e ok ke sk ok sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk ok ok sk ok sk ok ok ok o ok ok skok ok ok ok ok

INPUT DATA

k3K ok ook ok ok ok ok oK ok ok ok b o ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok o o o ok ok ok sk sk ok ok ok ok ok ok ok o sk ok ok ok sk ok ok ok ok ok ok ok ok sk s ok o ok sk ok ok o ok ok Kok

* ok sk ok ok

Profile Boundaries

Number of Boundaries : 11
Number of Top Boundaries : 7

Boundary  X-Left  Y-Left X-Right

No. (ft)
0.00
140.00
200.00
500.00
551.00
571.00
1021.00
571.00
613.00
0.00
400.00

—C 0O A WN -

Soil Parameters

(fH)
428.00
428.00
448.00
448.00
465.00
465.00
565.00
465.00
444.00
395.00
400.00

Number of Soil Types : 3

Soil Total Saturated Cohesion Friction Pore Pressure Piez.

(ft)
140.00
200.00
500.00
551.00
571.00
1021.00

1500.00

613.00
1500.00
400.00

1500.00

428.00
448.00
448.00
465.00
465.00

565.00
590.00

444.00

453.00

400.00

443.00

% ok & %k k

2

NN

<

2

3

3

Y-Right Soil Type
(ft) Below Bnd

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf)

1 120.0 120.
2 105.0 105.
3 130.0 130.

Piezometric Surfaces

0 1000 25.0 0.00
0 40.0 31.0 0.00
37.0 0.00

0 00

Number of Surfaces : 1
Unit Weight of Water : 62.40 pcf

(deg) Param. (psf) No.

0.0

0.0
0.0

1
1
]



Lol 06U Y
Piezometric Surface No. : 1 H/( t
Number of Coordinate Points : 2
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 430.00
2 1500.00 430.00

oFe 3 3k ok o ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok ok ok oK ok sk ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok o sk ok ok ok ok ok ok ok oKk ok sk ok ok sk sk ok ok ok sk ok ook ok ook

*Exkx TRIAL SURFACE GENERATION *AkAk
e 3 o sk ok 3K 3k ok ok ok ok ok ok sk ok ok ok ok sk ok o ok ok ok o ok ok ok o ok ok ok ok ok ok ok sk ok sk ok ok ok sk ok ok ok ok ok sk ok K ok sk o ok 3k ke ok oK ok ok 3k Ok ok ok ok sk ok ok ok ok oK ok ok Kok
Data for Generating Circular Surfaces
Number of Initiation Points : 50
Number of Surfaces From Each Point : 50
Left Initiation Point : 450.00 ft
Right Initiation Point : 800.00 fi
Left Termination Point : 950.00 ft
Right Termination Point : 1400.00 ft
Minimum Elevation : 1.00 ft
Segment Length : 40.00 ft
Positive Angle Limit : 0.00 deg
Negative Angle Limit : 0.00 deg

sk ok ok o sk ok ok sk ok ok ok sk ok ok sk sk ok ok ok sk ke ot ok ok ok ok ok ok s ok sk ok ok ok s ok o o ok sk ok ok ok sk o o ok ok ok sk sk ke ok ok o ok ok ok ok ok ok ko ok sk ok sk o sk ok sk sk ok

% % %k ¥k RESULTS ok >k sk %k ok
ok ok ok ok ok ok e ok ok ok ok oK sk ke ok ok ok ok ok ok ok o ok ok ok ok ok ok sk ok ok ok ok sk ok ok o ke sk ok ook o ok sk ok ok o ok ok ke ok ok ok ok ok ok ok ke sk ok ok ok sk ok ko ok ok ok sk ok ok sk ok koK
Surface No. : 1

Factor of Safety : 2.353
Circle Center X : 621.35 ft
Circle Center Y : 1362.72 ft
Circle Radius : 900.88 ft

Slice X Y Width Weight Load Water Normal Shear
() () (ft) (bs) (Ibs) (Ibs) (lbs) (Ibs)

550.50 464.64 1.00 205 0.0 0.0 21.8 226
561.00 464.04 20.00 2019.7 0.0 0.0 2072.7 869.6
572.73 463.37 346 7981 0.0 0.0 814.6 266.9
582.20 462.83 1547 8656.0 0.0 0.0 8807.4 2403.6
609.93 462.13 40.00 552956 0.0 0.0 55461.0 12688.4
64992 462.51 39.98 96078.1 0.0 0.0 95472.2 20616.1
689.85 464.67 39.88 1280024 0.0 0.0126335.3 26731.2
729.65 468.59 39.71150877.1 0.0 0.0 148217.0 31066.7
769.23 47428 39.46164631.5 0.0 0.0161294.2 33657.8
808.53 481.72 39.13169316.0 0.0 0.0165756.5 34541.9
847.45 490.90 38.72165101.6 0.0 0.0161808.1 33759.6
88593 501.79 38.24152277.6 0.0 0.0 149670.4 31354.7
923.88 514.39 37.68131249.5 0.0 0.0 129583.3 27374.7
961.24 528.65 37.04102534.6 0.0 0.0101808.5 21871.5
997.93 54456 36.34 66757.6 0.0 0.0 66630.7 14901.6
1018.55 554.19 490 6039.2 0.0 0.0 6054.8 1434.0
1031.31 560.76 20.62 118153 0.0 0.0 11599.4 3284.0

IRl el ~git- IS I I NEU AN TR g



T
©

{04064y

00GL cieL Sl ‘BCH 084 ©9S QL
L L _ I I _

SIXV—X

yacq Q

‘ <r1||l

=

91 = AL34vVS 40 J0LOv4 WNWINIW
J4IVHINTD SIOVAENS 40 WIILIED 1SOW 0L

J4LVHINID N3I3E IAVH SIOVIEIND0ET
JILUDU

Ap adojs spsom |jiupun] jpuoibsy yoDISDM

SIXV—A

gozsu/s 1N oIDAPIN
)

| ]



1040 64Y

o e 3k sk ok o K ok ok ok ok ok ok ok ok ok ok ok

G/ 1y

ok ok o sk ok ke ok sk ok ok ok ok ok ok ok ok sk ok ok o ok sk sk ok ok sk ok ok ok ok ok sk ok ok sk ok ko st ok ok ok skok ok sk ok ok ok ok ok skok e skok sk ok

S GeoSlope ok kKK

Hordok Version 5.00 ook ok

ke ok ok ok ok N

e (c)1992 by GEOCOMP Corp, Concord, MA * Kk
Tk Licensed to AGEC ok o

s s s ok ok sk ok ok ok ok ok ok s sk ok s ok ok ok ok ok o ok sk ke ok ok ook ok sk ok ok ok e ke ok ok ke ok ok ok ok ok ok ok ok ok ok K ok ok ok sk ok ok sk sk ok ok sk ok ok e ook ok ok sk ok ok ok

Problem Title : Wastach Regional Landfill waste slope dynamic
Description :
Remarks :

ok ok 3 ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok o ok ok ok sk ok ok o ok ok ok ok ok ok sk o o ok ok ok sk ok ok ok sk o ok ok skok ok ok ok ok ok ok sk ko Rk ok kR sk ok ok ok sk ok

HHxk INPUT DATA

ok e ok o ok ok o ok o ok K R o ok o ok o ok o sk oK ok o ok o ok o sk ok ok ok sk ok sk ok ok sk ok ok ok o ok ok ok okook o ok sk ok o ok ok ok ok ok o ok ok ok sk ok ok ok ok ok ok ok ok

* ok ok k

Profile Boundaries
Number of Boundaries : 11
Number of Top Boundaries : 7

Boundary X-Left Y-Left X-Right Y-Right Soil Type

No. () (ft) (f) (ft) Below Bnd
1 0.00 428.00 140.00 428.00 2
2 140.00 428.00 200.00 448.00 2
3 200.00 448.00 500.00 448.00 2
4 500.00 448.00 551.00 465.00 2
5 55100 465.00 571.00 465.00 2
6 571.00 465.00 1021.00 565.00 1
7 1021.00 565.00 1500.00 590.00 1
8 571.00 465.00 613.00 444.00 2
9 613.00 44400 1500.00 453.00 2
10 0.00 395.00 400.00 400.00 3
11 400.00 400.00 1500.00 443.00 3

Soil Parameters
Number of Soil Types : 3
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param. (psf) No.
1 1200 120.0 1000 250 000 0.0 1
2 105.0 105.0 400 31.0 0.00 00 1
3 130.0 130.0 0.0 37.0 0.00 00 1

Piezometric Surfaces
Number of Surfaces ; 1
Unit Weight of Water : 62.40 pcf

Piezometric Surface No. : 1
Number of Coordinate Points : 2
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Point X-Water Y-Water
No. (ft) (ft)
1 0.00  430.00
2 1500.00 430.00
Earthquake Loading
Horizontal Acceleration Coefficient : 0.093
Vertical Acceleration Coefficient : 0.000

3k 3 2k 3k 5k oK sk ok ok K o 3 sk ok ok e ok ok ok ok ke sk ok sk ok ok sk ok sk ok ok ok K sk ok sk 3k ok 3k sk sk ok 3k sk ok ok ko ok sk ok ok ok ok ok ok sk ok ok koK skok sk skook sk ok sk sk sk ksk ki kok

* ok ook TRIAL SURFACE GENERATION *okkok ok
ok sk o oK ok ok ok ok o sk ok ok sk ok ook ok ok ok o ok ok ok sk ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok sk ok o o ok e st sk o ok sk ok o ok sk ok ok ke ok sk ok ok ok sk ok sk ok
Data for Generating Circular Surfaces
Number of Initiation Points : 50
Number of Surfaces From Each Point : 50
Left Initiation Point : 450.00 ft
Right Initiation Point : 800.00 ft
Left Termination Point : 950.00 ft
Right Termination Point : 1400.00 ft
Minimum Elevation : 1.00 ft
Segment Length : 40.00 ft
Positive Angle Limit : 0.00 deg
Negative Angle Limit : 0.00 deg

sk ke sk o ok ok ok sk ok sk ok ok sk sk ok o sk ok ok ok ok ok sk ok ok ok ok ok ke ok ok ok ok sk ke sk ok ok ok o ok ok ok ok sk ok ok o ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk oK

¥ ok %k ok ok RESULTS 5k %k ¥ ok k

ke sk 3k ok 2k ok ok sk e 3k sk ok ok sk ok ok ok sk sk sk ok ok ok sk sk sk ok sk sk sk ok ok ok sk sk sk ok sk ok sk sk ol ok sk sk ok sk sk ok sk sk sk ok ok ok sk sk sk ok ok ok sk ok sk ok ok ok sk ok ok ok sk ok skosk ok ok ok
Surface No. : 1

Factor of Safety : 1.628

Circle Center X : 621.35 ft

Circle Center Y : 1362.72 ft

Circle Radius : 900.88 ft

Slice X Y Width Weight Load Water Normal Shear
(fty () (ft) (lbs) (Ibs) (Ibs) (lbs) (lbs)

550.50 464.64 1.00 205 00 00 224 329
561.00 464.04 20.00 20197 0.0 0.0 20953 12652
57273 46337 346 7981 0.0 0.0 821.6 3883
582.20 462.83 1547 8656.0 0.0 0.0 8869.6 3491.7
609.93 462.13 40.00 552956 0.0 0.0 555329 18358.7
649.92 462.51 3998 96078.1 0.0 0.0 95183.5 29713.0
689.85 464.67 39.88128002.4 0.0 0.0125446.8 38379.2
729.65 468.59 39.71150877.1 0.0 0.0 146597.7 444359
769.23 474.28 39.46164631.5 0.0 0.0 158913.2 47962.6
808.53 481.72 39.13169316.0 0.0 0.0 162676.3 49040.2
847.45 49090 38.72165101.6 0.0 0.0158179.3 47752.4
885.93 501.79 38.24152277.6 0.0 0.0145727.0 44186.6
923.88 51439 37.68131249.5 0.0 0.0 125639.3 38434.3
961.24 528.65 37.04102534.6 0.0 0.0 98254.6 30592.5
99793 544.56 36.34 667576 0.0 0.0 63932.4 20764.0
1018.55 554.19 490 60392 0.0 0.0 5768.1 1990.4
1031.31 560.76 20.62 11815.3 0.0 0.0 10942.8 4558.2
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Recommended Procedures for Implementation of DMG Spedial Publication 117
Guidelines for Analyzing and Mitigating Landslide Hazards in California
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Soil Cover Stability



EE

RApplied Geotechnical €ngineering Consultants, P.C.

PROJECTNO. 1010 44 mme W \R L pate 12/17/04 BY 9/7
susecT Cover  Dtead'\ \-\Y (e \‘u‘h’q sHeer _\ ofF L

T T P ] T : T oo T—" T"_'—"" o
Sl ‘ R ; o fﬁ R h.__f_A_‘_;ﬁﬁ....,,_L SRR NN U S - J A I

»* I
) L

SRanEs

ERERE

I 1 B .
|
! ' ! ; [ ,‘
i .
=t
i

I

|

|
e
[

i

|

1

—
T

UL 5 N m Bl (g0
N i W,i= e /ﬁ(uo} Q4000
1 i g =C/B®Lu)03 05 o |
Y S S __#l‘_L_,‘ { - | | __ _ S DR
. ; __AM;.._,A_J__,, O I SN N ! ' ﬁ l" e ]
F T E\;\'cf'— o : i " & g J (LUc_uoL ‘i;oﬁc% palf (W avm®

i
J.

(
]

<P led7al | as3¥  wp,med
=p | 140 3 ”_7:?5235- 214

‘ :
7 [ as | ueb I wael | 7eh  +924
i

T Thezal i xaee L RRaA

e

1

_-134.

ol . To0 | .ﬁ,b:_‘iAL

4.
H.X 2 Y

lo] M3 | | [ay

T‘ ;
il

R T . .J [ E O, 1
CL!Lb_w QUﬂ%N*&wJ« > B | S N \L G\S’i— ‘f




AEN

Applied Geotechnical €ngineering Consultants, P.C.
PROJECTNO. _{ O HO (1Y nimLe (s VA _ DATE A S 7 S

L T AT AT T S A S AN
[N B B I D R I B IR VRN € S Y E WA Y ST

i L~ 3
N e i ol vy s Qjoee .
L / 1 i Wy, = R¥o |

H__i —— ,_),; G NS SRS E ._%_ . . 7. ; - . _r*_,;..*_*_ U
N N R S A I N

Dliee Wi oL A r CF i Ur)w&mﬂt;- | €L | S &‘k\w |
! ; ! ! [ | I R ]
| 3% =525 4 25 100 S| abo. o T

1
|
|
ol
M
H
o
Py
'
o
[ 3]
T
i o
i)

| i ! i
| T EEEEE RN RN
- L Lt e = | E?S(a;:r Wol/e ) J TVL -

’ _('§v~ \»‘L\' -~ T(/‘e- \réﬁ"t'f'}e‘-"“—

Jaed | Ry eMaeie ¥ g0l shontd by Deateted ! | \ ’ ,
P e ‘ _

: X T ™
- ku-;'le a.d U |\ d . L &\( e ko w |

o bt | WaGlodethiny [ teaky [im e K




PROJECT NO.

{006y

v

Applied Geotechnical €ngineering Consultants, P.C.

e W iR

\

SUBJECT
! I

. . i . i :
I N }%_‘) Mele l R T S | ._-_._{___ ,,,,, _b

-4 4

—3- - . T N -

pate 12/ Qfo

P Qb SHEET _

i
SRS

1‘. - = ——
l
|
I
_4 ]
P
R SO
——————— i P

e At — — R R I, : 4 _—
| - 1 1 O
- ! ) L Ty ‘Io,jﬁl D L
i f I S o T -
2 Il \2ego = Mo |bear d Al | [ 1
1 | | | | | |
| @« 9l
| | A%c] 10 |
| . 126,_.0 () P

1L I dudniod $d T erbiird (oldvede)]

. ! ——i + i
| ] ! : ]
| . i . - - | ; R T
: ‘ ! : ! ! i
t : . Ll
| } i : ) '
: — o L+ ‘
! ; _ | i i . : T i I
! Lo N G ER S ‘ e ‘ -
| | i ; ‘
+ ——— : . . R R
‘ ‘ j |
L |




ANEN

Applied Geotechnical €ngineering Consultants, P.C.

pROJECTNO. L O 06 4Y Tmee _ U WL pare 12/ (/oM
SUBJECT Pc < bl (A F\ SHEET _LL

RN ‘. },_ ,;T_J__ BN . . A
e h Wi cow i ‘m) wku Cabu Q«F«" 3
B4 G f N Coms i a! 3‘4} h LGN UYL N, IR L Ry
' R ! . & S M S L ,,,,i [UUUR F. b
SR O N SRR U ANCPUNNS O SN NN DO SR O
. 1w ! 1\“’0\4\‘ ? 5 : L
b :5 ~ i i : :
; i .. !
i i . . ‘
- — - l-— R S RIS IR [
. IR U NN N A
{ I AR
N | | |
i |
i . Rt s AR et S
‘ - RO R o R e S St R

,;_TAT,; SR A D N O 74* ? TR
T T, O’B(ﬁ 3@(\20

;' | . | /7l/ : Loy -<2§+§3(:\(ZB({L%

I R i e R EYCTE YA T
1 // / i

_ _;.._‘A/ . ] LWy =(\(p,\CLH 3\\(\3% SR S

A : + K ’ ot
7 f GeE | 225 | GhwY
f f

, ?b.e;a;(ceff" IEE1 S T
‘ i

yyryne




AEN

Applied Geotechnical €ngineering Consultants, P.C.

PROJECT NO. 40‘10(4‘-1‘( mme (W WR I pate 12 /17/01 By 2 -

SUBJECT Tc %‘Fc& “H sHEer S ofF G
T — T T -
L G \4 SRS O N PR FE SO AR I B T
_ Tr 10 ! i b
SRR ".5‘3‘3? S B B S e

i . f S A T ey TS B B IR S
i ‘ |
S - . e e s s ISR SICPUNEPECED SN S . RN T - -
- | i - et e em .
T T | ( g
L -
! 0 O R S e ol

, T L=<'/J\£<.§BQ'VDL§=B
L T T e (eI CA YN S
| BN T s\ ; Jugi(:\_zﬁﬁ, Qqﬁg\aoﬁ,;z,f{ 100

e

l
=
e
Ll
€L
"
b
o
()
L Jﬁ
<
€ |
I3
F
I
N
IS
€
;?
‘ﬂ»

13‘1/)‘—

¢ e '

t re NN
I

lepw- BLD
il i
~J

N
b
(3
dl
|
=
) P/\
|
1
| %
A
G
|6
Ol
S—
[ 94
S

- S F: RendwaAld L y=al ||

AAJOV

N L S EE 43@dA a6 L s | ae
; L ] o R3¢0 Jf;
S . S RO S W I O A B AN N S
. ]
|

‘ Q«%L\m\t- SR .

Lo

J—
|

S A S S ! : - - . e 4*774——-—' ‘ b ——
.t W_,_:J.uowr b 1 s w/ do| e/ e ,_hwﬂ\_ 1




PROJECTNO. \ 00644

suBbecT _ Cover X i\»\\T

AEN

Applied Geotechnical €ngineering Consultants, P.C.

TITLE

WRL

pate \2 /11 /0y

e et R — - ‘ S R
ln,,i R T S, S — l_ SRS S R ",T de
S e N N A M L

I I T A I RN .

! : . o ] ! 1 : *

_ P i - _,4:‘_, . ISR ‘____h__‘__ S _ ___I___ L 4" . ;-*‘_ .

= N 1 — | S O U S N SO R

e | OF | s

b N

ﬁ % N R RN | | |

_ . PO [ e _.‘ Y [ - e = ,,,__,r,, __,j . ,;,,,,L_A¥ P . 'T P P

b 4 N ' S T R \h . _ i }
i i ; : i i P> S —_f_.._;_-m_ﬂ_.“
- ,}.{ 4 J S S ,_,,A\,,_,‘F_J-_ N R ,._.L.\_'LX; ,,,,, b

»q:j - __+_,<:>_ _. _ i_ i i ::k_ R \\ R ;,,_,, _— !, R ,,L, —T, [
ST 7,5 U Y U SO AR SO A ) S S —— T R T
R j* ; L : _,_“i___,,g_ﬁxjﬁ,;_j,_; I - [ o

w | : | ' ; , | . ;

ll i \wT ‘ aathn —— y . ‘ EN\SL—*‘% =% R_\j T e
| —— - i Cq ek - - ' ,J SRS S : . ‘T I
;,ﬁ:,..__i,_JL._.J__<, __J__- - S | ._1‘7 I SN R Y SN [
.| _ }—r o RN I N

(S R N ——— .

i I . : ! ‘, . “

‘ - ; _ ‘ ] ! i ] e S B R

.‘ ! ! : ] ‘

‘! EnAEab Sk Sy A { e e e e T Ty __‘ :5*7 % B ]
LY\ L P SR A SRRV B

r ’ i ; T i [ 1 ; “ :
R i i M S — = \ AT T R

' S O S N O DS (€. YV> Dy H;\ \“«\‘Léﬁs*«‘y_%A o B o

i ! | . ) . ! |
' ——r —t 1 :
| — — . : ; ‘ i ; ! ‘T ,,,,,,,, FO— ,,T'_A_‘_A._
. | ‘ ] ' | : L I L
_ . _,_(-U\'f’\n AAR G o JJJ\ Abivd ‘W N P S R NS
f [ [
Sk =D (0 WeS T T L
: J i T
; ; . : _ ¢ [, ;‘ C ' ‘ ‘L
! ! gi\'ﬁw-\'g" 1=~> \\'J’AA. ! ‘ ~ \ .
| | ! J i . ! : T
. : » | |
0P s s o I (42> O I8
| CE e e | dnbel Febdiorm S| T‘ ‘
! - H . N \ t
| Y { ‘ Q'-.\--Lvﬁ\»c._ ¥ R tl‘ﬂ 711 _‘
i L \ ’ | o] |
L . { s e . _,_._},ﬂ‘- . ] I J .
a N ‘ -
1 ‘ } ‘ . ' | i
i N j |
S e .;M{.,, f g ——_ 8 b——
e p— - + —-L—AL“_‘ - t _‘,;ﬂ;__.llf,u, - _ﬁgj—_‘,——«
REER RS R B R ER RN AR
1 | ‘ ‘ .
_ | 4‘ ; pf\_ : T ________ T




APPENDIX 6

Settlement



PROJECT NO.

Applied Geotechnical €ngineering Consultants, P.C.

1040647

SUBJECT S eTt e vwae st

TITLE

AE

wirk

oate 12/ 13/0Y

___‘___ o 4__
ERaS

;“T" | ’l 1.

TTie ehlhedededt |

e A e e e

L

7

B N

1
Oy .
N H

133

e ea

ol bkt o B | (\&\Cq_féxf:m‘&a |
L] MO |- | 1 G (e L I I
1 . ‘ , : } ; |
> X : A H J“H J
CEHAIICENAE ,- L L fea
| i ‘ | | i A !
G wx\*c; i = Q-Cc{,. gV 04\ CE i
_ [ S i bt ,i._ | | Mll-___

2 N f j
B S . N N . ]
] _ SRDVENEES \$ NI i
T ' : l : :
| 1| | A R T I . B
| : S - L .
\ i . - ‘ T | : |
: . : v T i " T
-W _ - J‘___. S (U S S e [ R | A,,,‘J; 47 . }
- ] | ﬁ L | L,,‘J] $0i04 dueaty
|| | . JER R T ST I DR A PRVZ XS N
S S } ‘ - . | e

Jo ]




\ou o 6nH 1/3b

JOB NUMBER:
“Constant Maximum Past Pressure: 0 psf
Length(X): 4000.0 ft Width(Y) :****** ft TLoad:28800 psf X-Coord = .0 ft
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = 0 ft
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
— LAYER TYPE THICKIDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
— 1 gm *kkk dkkkok 130.0 .0010 .0010 7.364 .000
TOTAL SETTLEMENT= 7.364 inches
JOB NUMBER:
Constant Maximum Past Pressure: 0 pst
_ Length(X): 4000.0 ft Width(Y): :****x**x ft TLoad:28800 psf X-Coord = .0 ft
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = 0 ft
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
— LAYER TYPE THICKIDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
- - 1 gm Foakkk kkkk 130.0 .0010 .0010 7.364 .000
TOTAL SETTLEMENT= 7.364 inches
JOB NUMBER:
Constant Maximum Past Pressure: 0 psf
_ Length(X): 4000.0 ft Width(Y):4000.0 ft Load:24000 psf X-Coord = .0 ft
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = .0 ft
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
— LAYER TYPE THICKIDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
- 1 gm Fhkokk dkkkxk 130.0 .0010 .0010 5.675 .000
TOTAL SETTLEMENT= 5.675 inches
JOB NUMBER:
Constant Maximum Past Pressure: 0 psf

_Length(X): 4000.0 £t Width(Y):4000.0 £t Load:18000 psf X-Coord = .
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = .0 ft
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SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE THICKlDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
1 gm Fokkk kokok ok 130.0 .0010 .0010 4.567 .000
3 TOTAL SETTLEMENT= 4.567 inches
— JOB NUMBER:
— Constant Maximum Past Pressure: 0 psf
Length(X): 4000.0 ft Width(Y):4000.0 ft Load:13800 psf X-Coord = 0 ft
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = 0 ft
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE THICK|DEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
1 gm hkkk hkkk 130.0 .0010 .0010 3.721 .000
_ TOTAL SETTLEMENT= 3.721 inches
— JOB NUMBER:
— wswunstant Maximum Past Pressure: 0 psf
Length (X) : 4000.0 ft Width(Y) :4000.0 ft Load:13800 psf X-Coord = .0 ft
Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = 0 ft
~ SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE THICKlDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
(FT) (PSF) (IN) (IN)
1 CL/ML 25 25 105.0 .1040 .1400 37.117 .000
2 gm 974 999 130.0 .0010 .0010 2.315 .000
B TOTAL SETTLEMENT= 39.432 inches
JOB NUMBER:
Constant Maximum Past Pressure: 0 pst
Length(X): 4000.0 ft Width(Y):4000.0 ft Load: 1800 psf X-Coord = .0 ft
_ Water Depth: 22 ft Load Depth: 0 ft Fill: 0 ft Y-Coord = .0 ft
SOIL SOIL LAYER SOIL COMP RECOMP SETTLEMENT
LAYER TYPE THICKIDEPTH DENSITY RATIO RATIO VIRGIN RECOMP
- (FT) (PSF) (IN) (IN)
T CL/ML 40 40 105.0 .1040 .1400 19.370 .000
— 2 gm 959 999 130.0 .0010 .0010 .393 .000

TOTAL SETTLEMENT= 19.763 inches
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Applied Geotechnical €ngineering Consultants, P.C.

May 10, 2005

Wasatch Regional Landfill

c/o Hansen, Allen and Luce, Incorporated
6771 South 900 East

Midvale, UT 84047

Attention: Kent Staheli
FAX: 566-5581

Subject: Response to Request for Additional Information, No. 1 (April 22, 2005)
Wasatch Regional Solid Waste Class V Landfill
Permit Modification Review
Tooele County, Utah
AGEC Project No. 1040644

Applied Geotechnical Engineering Consultants, P.C. (AGEC) was requested to provide
additional information requested by the Utah Solid and Hazardous Waste Control Board for
the modification to the Wasatch Regional Solid Waste Class V Landfill Permit modification.

AGEC previously conducted a geotechnical investigation for the proposed modification and
presented our findings and recommendations in a report dated December 17, 2004 under
Project No. 1040644.

INFORMATION REQUESTED

The letter dated April 22, 2005 (from the Utah Solid and Hazardous Waste Control Board)
requests additional information on two issues that pertain to the geotechnical aspects of the
modification. The additional information is requested in their Comments Nos. 14 and 15.

item No. 14

Page 14 states, "This acceleration was adjusted for the stability analysis as
recommended in the DMG Special Publication 117 (Guidelines for Analyzing and
Mitigating Landslide Hazards in California). Using this document, an acceleration of
0.092g was used for the stability calculations assuming a threshold of 15 cm
displacement”.

600 West Sandy Parkway * Sandy, Utah 84070 e (801) 566-6399 ¢ FAX (801) 566-6493



Wasatch Regional Landfill
c/o Hansen, Allen and Luce, Incorporated
May 10, 20056

Page 2

Comment

The staff has used the RCRA Subtitle D {258) Seismic Design Guidance for Municipal
Solid Waste Landfill Facilities. However, the staff is not familiar with Publication 117.
A copy of the publication needs to be included in the modification with a discussion
of how it was applied in the model.

Response
As requested, a copy of DMG Special Publication 117 is attached.

Publication 117 was used to determine the factor, that may be applied to the
maximum horizontal ground acceleration, in order to determine the horizontal
coefficient that may be used in the pseudo-static stability analysis. The figure, from
which the reduction factor was obtained, is included on the above referenced report
on Page 10/14 within Appendix 4 (Landfill Stability). This same figure is located on
Page 81 of Special Publication 117.

A factor of 0.44 was applied to the maximum acceleration to determine the horizontal
acceleration coefficient with a 15 cm threshold of displacement.

impact of the Seismic Coefficient

Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities
references two methods to estimate the potential movement based on the ratio of the
yield acceleration compared to the maximum design acceleration. As indicated on
attached sheet 4 of 5, this ratio ranges from 0.44 to greater than 1 for the landfill.
A value greater than one indicates that there would be no movement under the
influence of the design acceleration. The lowest ratios (0.44 and 0.57) would
indicate the potential for 17 cm (upper bound using Hynes & Franklin} to 33 cm (upper
bound of Makdisi & Seed) of displacements.

The analyses with potential displacement are for the floor (17 cm) using an assumed
weak strength between the HDPE and the GCL of 8 degrees. The other potential
displacement {33 cm) is on the interior soil protective cover using only 50% of the
available tension in the synthetic materials.

Including the analysis using the DMG Publication, it is our professional opinion that the
potential displacements during a major seismic event {the design event) will be less
than those estimated above due to the anticipated strengths that will most likely apply
after construction (our analysis has assumed conservative strengths). Therefore, itis
also our professional opinion that the landfill, as currently designed, will meet the
intent of the design guidance for municipal waste landfill.



Wasatch Regional Landfill
c/o Hansen, Allen and Luce, Incorporated
May 10, 2005

Page 3

Item No. 15

Page 15 states, "The testing consisted of penetration resistances, unconfined
compressive strength tests, triaxial shear tests and direct shear tests conducted on
undisturbed and remolded soil samples. Based on these results, previous testing by
others and our judgement, strength parameters for each material were selected.

Comment

Specific reference to test results and supporting data need to be provided to support
each one of the selected parameters. As one example, strength parameters provided
on Page 15 show the unit weight for waste is 120 pounds per cubic foot. The Class
5 permit application used a unit weight of 72.6 pounds per cubic foot for waste. The
modification needs to include the justification for using another number.

Response

The values used for unit weight, friction and cohesion for each of the materials
included in our analysis are presented in Appendix 1 of the geotechnical report {Soil
Characteristics). Listed below is a summary of each of the parameters used and the
source of the information.

Waste
a. Unit weight of 120 pounds per cubic foot

The 120 pounds per cubic foot weight for waste for was simply selected as a
high value, which essentially models soil with no waste. The value included
in the permit application (72.6 pounds per cubic foot) is higher than what is
referenced (46 to 65 pounds per cubic foot - page 103 - Subtitle D (258)
Seismic Design Guidance for Municipal Solid Waste Landfill Facilities). The
higher weight used in our analysis is conservative in that it provides a larger
driving force downslope, a higher horizontal component during the seismic
analysis {acceleration time the unit weight) but, also provides a higher
resistance (less conservative) to sliding for frictional contacts. In order to
demonstrate the impact of using 120 pcf, 72.6 pcf and 65 pcf, the landfill
stability was evaluated with each of these parameters. The results are
indicated below:



Wasatch Regional Landfill
c/o Hansen, Allen and Luce, Incorporated
May 10, 2005

Page 4

Unit Weight Static Safety Factor Seismic Safety Factor

(pcf) (a = 0.21g)
65 2.478 1.225
72.6 2.452 1.212
120 _ 2.363 1.163

As indicated by this analysis, the use of 120 pounds per cubic foot is
conservative with the design.

Waste Strengths

A friction value of 25 degrees and a cohesion of 100 pounds per cubic foot were used
for the strength characteristics of the waste materials. As indicated in the guidance
document, the friction and the cohesion values used correspond with the lowest
values included in Table 6.3 {(lower bound friction angles back figured from
observations of steep landfill slopes, as indicated on Page 117 of the RCRA Subtitle
D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities. Using
the lowest values will provide the more conservative analysis.

Embankment Materials

The embankment material unit weight is close to the average of on-site materials
compacted to 95 percent of the maximum dry density at the optimum moisture

The strength parameters used are less than the values obtained from the laboratory
tests on remolded samples of the fine-grained soil. The laboratory tests indicate a
friction angle of 35 degrees with a cohesion intercept of 5650 pounds per square foot.
For our analysis, we have used a friction angle of 32 degrees and a cohesion of 300
pounds per square foot, (60 to 89 percent of the laboratory values).

Foundation Soil

An average unit weight of 105 pcf was used for the fine-grained foundation soil. This
density is based on the typical values obtained from laboratory tests. The density is
based on the typical values obtained from laboratory tests. The values can be seen
on Sheet 4 of 6 of Appendix 1 of the geotechnical report.

The strength of the fine-grained soil was tested in the laboratory. The results are
summarized on Sheet 3/6 within Appendix 1 (Soil Characteristics). An average friction
angle of 31.6 degrees and an average cohesion of 43 pounds per square foot were
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obtained. With these values, we have used a friction angle of 31 degrees and a
cohesive intercept of 40 pounds per square foot, (93 to 98 percent of the laboratory
average).

Natural Gravel

A unit weight of 130 pounds per cubic foot for the gravel was used in our analysis.
This value is slightly less than the value obtained in the laboratory. The values
obtained are shown on Sheet 4 of 6 of Appendix 1 (Soil Characteristics) of the
geotechnical report.

The strength of the granular soil was determined by evaluating the penetration
resistance values (Sheet 5 of 6, Appendix 1) along with correlation of penetration
resistance versus friction angle. The values obtained during our study was
significantly greater than those obtained by Kleinfelder. It is our professional opinion
that the higher values are due to the fact that our borings were further up the hill,
sampling denser material. A friction value of 37 degrees was, therefore, selected and
used in the analysis.

It is our professional opinion that the values used in the analysis are representative of
the materials that will be in place and used during construction. These values are
appropriate for modeling of the conditions that will be experienced.

If you have any questions or we can be of further service, please call.

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, P.C.

James
JEN/sc

Enclosures

E. Nordqui
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PROFILE

Wasatch Regional Landfill,Waste Slope,Static Analysis,Waste=65pcf,WRL.I9
11 7

r  428. 140. 428. 2
. .. 428. 200. 448.
200. 448. 500. 448.
500. 448. 551. 465.
551. 465. 571. 465.
571. 465. 1021. 565. 1

1021. 565. 1500. 5%0. 1

571. 465. 613. 444. 2

613. 444. 1500. 453. 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3

SOIL

3

65. 65. 100. 25. 0. 0. 1

105. 105. 40. 31. 0. 0. 1

130. 130. 0. 37. 0. 0. 1

WATER

1 62.4

2

0. 430.

1500. 430.

CIRCL2

50 50 450. 800. 950. 1400.

1. 40. 0. O. ~—
END

[\ O S N ]
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PROFILE .
Wasatch Regional Landfill,Waste Slope,Static Analysis,Waste=72.6pcf,WRL.I10
11 7

r428. 140. 428. 2

~ .. 428. 200. 448. 2

200. 448. 500. 448. 2

500. 448. 551. 465. 2

551. 465. 571. 465. 2

571. 465. 1021. 565. 1
1021. 565. 1500. 590. 1
571. 465. 613. 444. 2

613. 444. 1500. 453. 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3
SOIL

3

72.6 72.6 100. 25. 0. 0. 1
105. 105. 40. 31. 0. 0. 1
130. 130. 0. 37. 0. 0. 1
WATER

1 62.4

2

0. 430.

1500. 430.

CIRCL2

50 50 450. 800. 950. 1400.
1. 40. 0. 0.

END
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PROFILE

Wasatch Regional Landfill,Waste Slope,Static Analysis,Waste=120pcf,WRL.I11
11 7

¢ 428. 140. 428. 2

L. 428. 200. 448. 2
200. 448. 500. 448. 2

500. 448. 551. 465. 2

551. 465. 571. 465. 2

571. 465. 1021. 565. 1
1021. 565. 1500. 590. 1
571. 465. 613. 444. 2

613. 444. 1500. 453. 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3
SOIL

3

120. 120. 100. 25. 0. 0. 1
105. 105. 40. 31. 0. 0. 1
130. 130. 0. 37. 0. 0. 1
WATER

1 62.4

2

0. 430.

1500. 430.

CIRCL2

50 50 450. 800. 950. 1400.
1. 40. 0. O.

END
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PROFILE

Wasatch Regional Landfill,Waste Slope,Dynamic Analysis,Waste=65,a=0.21g,WRL.I14
11 7

¢ 128. 140. 428. 2
1. .. 428. 200. 448.
200. 448. 500. 448.
500. 448. 551. 465.
551. 465. 571. 465.
571. 465. 1021. 565. 1
1021. 565. 1500. 590. 1
571. 465. 613. 444. 2

613. 444 . 1500. 453. 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3
SOIL

3

65. 65. 100. 25. 0. 0. 1
105. 105. 40. 31. 0. 0. 1
130. 130. 0. 37. 0. 0. 1
WATER

1 62.4

2

0. 430.

1500. 430.

EQUAKE

0.21 0. 0.

CIRCL2

50 50 450. 800. 950. 1400.
1 40. 0. O.
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PROFILE

Wassatch Regional Landfill,Waste Slope,Dynamic Analysis,Waste=72.6,a=0.21g,WRL.I!
11 7

r428. 140. 428. 2
- .. 428. 200. 448.
200. 448. 500. 448.
500. 448. 551. 465.
551. 465. 571. 465.
571. 465. 1021. 565. 1
1021. 565. 1500. 590. 1
571. 465. 613. 444. 2

613. 444. 1500. 453. 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3
SOIL

3

72.6 72.6 100. 25. 0. 0. 1
105. 105. 40. 31. 0. 0. 1
130. 130. 0. 37. 0. 0. 1
WATER

1 62.4

2

0. 430.

1500. 430.

EQUAKE

0.21 0. 0.

CIRCL2

50 50 450. 800. 950. 1400.
1 40. 0. 0.

I

2
2
2
2
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PROFILE

Wasatch Regional Landfill,Waste Slope,Dynamic Analysis,Waste=120pcf,a=0.21g, WRL.}
11 7

r 428. 140. 428. 2
. .. 428. 200. 448.
200. 448. 500. 448.
500. 448. 551. 465.
551. 465. 571. 465.
571. 465. 1021. 565. 1
1021. 565. 1500. 590. 1
571. 465. 613. 444. 2

613. 444. 1500. 453, 2

0. 395. 400. 400. 3

400. 400. 1500. 443. 3
SOIL

3

120. 120. 100. 25. 0. 0. 1
105. 105. 40. 31. 0. 0. 1
130. 130. 0. 37. 0. 0. 1
WATER

1 62.4

2

0. 430.

1500. 430.

EQUAKE

0.21 0. O.

CIRCL2

50 50 450. 800. 950. 1400.
1. 40. 0. 0.

T

NNDNN



RECOMMENDED PROCEDURES
FOR IMPLEMENTATION OF
DMG SPECIAL PUBLICATION 117 |
GUIDELINES FOR ANALYZING AND MITIGATING

LANDSLIDE HAZARDS IN CALIFORNIA

Committee organized through the f
% E ASCE Los Angeles Section Geotechnical Group C C
Document published by the S / E

Arems o o n g Southern California Earthquake Center



Recommended Procedures for Implementation of DMG Special Publication 117
Guidelines for Analyzing and Mitigating Landslide Hazards in California

Publication of this document was funded by the Southern California Earthquake Center.

The Southern California Earthquake Center (SCEC), headquartered at the University of Southern
California, is a regionally focused organization founded in 1991 with a mission to gather new
information about earthquakes in Southern California, integrate knowledge into a comprehensive and
predictive understanding of earthquake phenomena, and communicate that understanding to end-users
and the general public in order to increase earthquake awareness, reduce economic losses, and save lives.
Funding for SCEC activities is provided by the National Science Foundation (NSF) and the U.Ss.
Geological Survey (USGS). An outstanding community of scientists from over 40 institutions
throughout the country participates in SCEC. The SCEC Communication, Education, and Outreach
Program offers student research experiences, web-based education tools, classroom curricula, museum
displays, public information brochures, online newsletters, and technical workshops and publications.

The cover photograph depicts a landslide that developed in the Ramona oilfield, north of San Martinez
Grande Canyon, about 9 km east-northeast of Piru, California. The landslide is 600 m long, 100-150 m
wide, and has an estimated volume of about 1 million cubic meters. During the Northridge earthquake
(January 17, 1994), the landslide moved downslope about 15-25 meters. (Photograph courtesy of
Randall Jibson, U.S. Geological Survey)
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The over 3-1/2 years effort of the committee members to study, evaluate, discuss, and formulate
these guidelines is greatly appreciated. The summation of those consensus efforts is presented in this

report.

The committee was organized by the southern California section of the Association of Civil
Engineers and the City and County of Los Angeles Departments of Building and Safety and Public
Works. The committee has, however, performed its work independent of those entities. The document
represents the work of the committee. Although the document has been peer reviewed, the information'
and opinions presented are those of the committee and have not been endorsed by ASCE, SCEC, or the
City or County of Los Angeles.

Appreciation is given to those who have taken their time to review this document and have
provided many wise comments and suggestions: Professors Jonathan D. Bray and Raymond B. Seed of
U.C. Berkeley, Professors Ellen M. Rathje and Stephen G. Wright of the University of Texas at Austin,
Dr. Leland M. Kraft, Dr. Neven Matasovic, Dr. Edward Kavazanjian, Dr. Marshall Lew, Boris O. Korin,
Allan E. Seward, and Larry K. Stark. Review comments were also made by John A. Barneich, S. Thomas
Freeman, Yoshi Moriwaki, Sarkis V. Tatusian, and John T. Waggoner of GeoPentech and Robert A.
Larson, County of Los Angeles.
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Two factors that are particularly challenging to characterize accurately are subsurface
stratigraphy/geologic structure and soil shear strength. Subsurface characterization requires a
thorough exploration program of borings, cone penetration tests, and/or trenches, and must
identify the potentially critical soil zones. Characterization of representative soil shear strength
parameters is an especially difficult step in slope stability analyses due in part to the
heterogeneity and anisotropy of soil materials. . Furthermore, the strength of a given soil is a
function of strain rate, drainage conditions during shear, effective stresses acting on the soil prior
to shear, the stress history of the soil, stress path, and any changes in water content and density
that may occur over time. Due to the strong dependence of soil strength on these factors,
methods of soil sampling and testing (which can potentially alter the above conditions for a
tested sample relative to in-situ conditions) are of utmost importance for slope stability
assessments,

This report provides guidelines on each of the above-enumerated factors, with particular
emphasis on subsurface/geologic site characterization, evaluation of soil shear strength for static
and seismic analysis, and seismic slope stability analysis procedures.

1.2  APPLICABLE REGULATIONS AND LAWS

The State of California currently requires analysis of the seismic stability of slopes for certain
projects. Most counties and cities in southern California also require analysis of the static
stability of slopes for most projects. The authority to require analysis of seismic slope stability is
provided by the Seismic Hazards Mapping Act of 1990, which became California law in 1991
(Chapter 7.8, Sections 2690 et. seq., California Public Resources Code). The purpose of the Act
is to protect public safety from the effects of strong ground shaking, liquefaction, landslides, or
other ground failure; or other hazards caused by earthquakes. The Seismic Hazards Mapping
Act is a companion and complement to the Alquist-Priolo Earthquake Fault Zoning Act, which
addresses only surface fault-rupture hazards. Chapters 18 and 33 (formerly 70) of the
Uniform/California Building Code provide the authority for local Building Departments to
require geotechnical reports for various projects.

Special Publication 117 (SP 117), by the California Department of Conservation, Division of
Mines and Geology in 1997, presents guidelines for evaluation of seismic hazards other than
surface fault-rupture and for recommending mitigation measures. The guidelines in SP 117
provide, among other things, definitions, caveats, and general considerations for earthquake
hazard mitigation, including seismic slope stability.

SP 117 provides a summary overview of analysis and mitigation of earthquake induced landslide
hazards. The document also provides guidelines for the review of site-investigation reports by
regulatory agencies who have been designated to enforce the Seismic Hazards Mapping Act.

June 2002, page 4
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presented in Chapter 11 represent the consensus recommendations of all practicing and academic
members of the Committee (regulatory officials chose not to vote). The Committee was unable
to reach consensus on acceptable seismic slope displacements, and therefore regulatory agencies
will need to establish their own values for this important parameter.

The Committee actively sought input from professional and academic sources across the U.S.,
and this report reflects the valuable input from those individuals.

13 LIMITATIONS

Ground deformations under static and seismic conditions can result from a variety of sources,
including shear and volumetric straining. This report focuses on slope stability and seismic slope
displacements, both associated with shear deformations in the ground. Ground deformations
associated with volume change, such as hydrocompression or consolidation under long-term
static conditions or seismic compression during earthquakes, are not covered by the actions of
this committee. In addition, ground displacements associated with post-seismic pore pressure
dissipation in saturated soil, or lateral spread displacements in liquefied ground, are not covered.

The intent of this report is to present practical guidelines for static and seismic slope stability
evaluations that blend state-of-the-art developments in methodologies for such analyses with the
site exploration, sampling, and testing techniques that are readily available to practicing
engineers in the southern California area. Accordingly, the intent is not necessarily to present
the most rigorous possible procedures for testing the shear strength of soil and conducting
stability evaluations, but rather to suggest incremental rational modifications to existing practice
that can improve the state-of-practice. It should be noted that the Committee by no means
intends to discourage the use of more sophisticated procedures, provided such procedures can be
demonstrated to provide reasonable solutions consistent with then-current knowledge of the
phenomena involved.
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Adverse bedding conditions (out-of-slope bedding) and shear strength values representing the
weaker materials (such as shale interbeds in a predominantly sandstone formation) within the
mapped geologic unit are considered in the rock-strength grouping. If geotechnical shear test
data are insufficient or lacking for a mapped geologic unit, the unit is grouped with lithologically
and stratigraphically similar units for which shear strength data are available.

Based on calibration studies (McCrink, in press), hillslopes exposed to ground motions that
exceed the yield acceleration for instability, and are associated with displacements greater than 5
cm are included in Earthquake-Induced Landslide Zones. The ground motion parameters used in
the analysis include mode magnitude, mode distance, and peak acceleration for firm rock.
Expected earthquake shaking is estimated by selecting representative strong-motion records,
based on estimates of probabilistic ground motion parameters for levels of earthquake shaking
having a 10 percent probability of being exceeded in 50 years (Petersen et al., 1996).

Seismic Hazard Zones for potential earthquake-induced landslide failure are presented on 7.5-
minute quadrangle sheet maps at a scale of 1:24,000. Supplementary maps of rock strength,
adverse bedding, geology, ground motions, and an evaluation report describing strength
classification, Newmark displacements and regional geology and geomorphology are also
provided for each quadrangle as the basis for delineation of the zones. The zone maps do not
identify other earthquake-triggered slope hazards including ridge-top spreading and shattered
ridges. Run-out areas of triggered landslides may extend outside the landslide zones of required
investigation.

Seismic Hazard Zone maps are being released by the California Department of Conservation,
Division of Mines and Geology. The maps present zones of required investigation for landslide
and liquefaction hazards as determined by the criteria established by the Seismic Hazards
Mapping Act Advisory Committee.
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to the potential impact of the subsurface geologic structure, stratigraphy, and hydrologic
conditions on the stability of the slope. The assessment of the subsurface stratigraphy and
hydrologic conditions of sites underlain solely by alluvial materials may be performed by the
geotechnical engineer. The shear strength and other _geotechnical earth material properties
should be evaluated by the geotechnical engineer. The geotechnical engineer should perform the
stability calculations. The ground motion parameters for use in seismic stability analysis may be
provided by either the engineering geologist or geotechnical engineer, or a registered
geophysicist competent in the field of seismic hazard evaluation.
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4. Presentation and analysis of the data, including an evaluation of the potential impact of
geologic conditions on the project.

Geologic reports should demonstrate that each of those phases has been adequately performed
and that the information obtained has been considered and logically evaluated. Minimum criteria
for the performance of each phase are described and discussed below.

41 BACKGROUND RESEARCH

The purpose of background research is to obtain geologic information to identify potential
regional geologic hazards and to assist in planning the most effective surface mapping and
subsurface exploration program. The availability of published references varies depending upon
the study area. Topographic maps at 1:24,000 scale are available for all of California’s 7.5’
quadrangles. More detailed topographic maps are often available from Cities or Counties. Most
urban locations in California have been the subject of regional geologic mapping projects. Other
maps that may be available include landslide maps, fault maps, depth-to-subsurface-water maps,
and seismic hazard maps. Seismic slope stability hazard maps prepared by the California
Division of Mines and Geology (CDMG) are particularly relevant, and the location of a site
within in a seismic slope stability hazard zone will generally trigger the type of detailed site-
specific analyses that are the subject of this report. The above maps are typically published by
the United States Geological Survey (USGS), CDMG, Dibblee Geological Foundation, and local
jurisdictional agencies (e.g., Seismic Safety elements of cities and counties). Collectively, these
maps provide information useful for planning a geologic field exploration. In addition, the maps
provide insight into regional geologic conditions (and possible geologic constraints) that may not
be apparent from focused site studies.

Review of unpublished references also should be a part of geologic studies for slope stability.
Previous geologic and geotechnical reports for the property and/or neighboring properties can
provide useful data on stratigraphy, location of the groundwater table, and shear strength
parameters from the local geologic formations. Strength data should be carefully reviewed for
conformance with the sampling and testing standards discussed in sections 6 and 7 before being
used. Critical review of topographic maps prepared in conjunction with proposed developments
can reveal landforms that suggest potential slope instability. These materials are usually kept by
the local jurisdictional governing agency, and review of their files is recommended.

Once review of available geologic references has been performed, aerial photographs of the area
should be reviewed. Often, the study of stereoscopic aerial photographs reveals important
information on historical slope performance and anomalous geomorphic features. Because of
differences in vegetative cover, land use, and sun angle, the existence of landslides or areas of
potential instability is sometimes visible in some photographs, but not in others. Therefore,
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“going into the field." The number of borings required is a function of the areal extent of the
development, available information from previous investigations, and the complexity of the
geologic features being investigated. Sound geologic and engineering judgment is required to
estimate the number of borings required for a specific site. Guidelines on minimum level of
exploration necessary for various types of construction are presented in NAVFAC 7.01 (1986).
In general, it is anticipated that the number of borings/trenches should not be less than three.
Additional borings will be required in many cases when the geology is complex. Borings should
be positioned such that extrapolation of geologic conditions is minimized within the areas of
interest.

The depth of borings and test pits should be sufficient to locate the upper and lower limits of
weak zones potentially controlling slope stability. It should be noted that movement of
landslides can be accommodated across multiple slip surfaces. Accordingly, locating the
shallowest potential slide plane at a site may not be sufficient. In general, the depth of
exploration should be sufficiently deep that the static factor of safety of a slip surface passing
beneath the maximum depth of exploration and through materials for which appropriate
presumptive strength values are assumed is greater than 1.5.

As noted above, continuous logging of subsurface materials is generally required to locate zones
of potential weakness. Downhole logging is commonly practiced in southern California, and is
widely thought to be the most reliable procedure. Downhole observation of borings provides an
opportunity for direct sampling of potentially critical shear zones or weak clay seams. Such
sampling and subsequent laboratory testing can be used to estimate strengths along potential slip
surfaces. Prevailing conditions such as the presence of subsurface water, bad air, or caving soil
may make it unsafe or impractical to enter and log exploratory borings. In those circumstances,
it is necessary to utilize alternative methods such as continuously cored borings, conventional
borings with continuous sampling, or geophysical techniques. Although those methodologies
may be useful, the data obtained from them have limitations as geologic conditions are inferred
rather than directly observed. Therefore, when such methods are utilized, the limitations should
be compensated for by more subsurface exploration, more testing, more conservative data
interpretation, and/or more comprehensive engineering analysis.

Detailed and complete logs of all subsurface exploration should be provided in geologic reports.
Written descriptions of field observations should be accompanied by graphic logs that depict the
geologic units, subsurface water conditions at the time of drilling and any subsequent
measurements, and information relevant to soil sampling (e.g., sampler used, driving system,
blow count, etc.) (ASTM D1586 and D6066-98).
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landslide slip surfaces, and lines that represent interpretation of bedding planes, joints, or fractures.
Sections that clearly show interpretation of geologic structure are necessary for subsequent
engineering evaluation of stability because the ultimate determination of potential failure planes for
analyses is dependent upon the accuracy of those sections. Because geologic structure is so critical
to the evaluation of slope stability, potential modes of failure should be identified by the geologist,
and evaluation of the most critical modes of failure should be a made by both the geologist and
geotechnical engineer.
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1. By the use of total unit weights and specification of groundwater table location and boundary
water pressures. This method is appropriate for effective stress analyses of slope stability
and should be used with effective stress strength parameters. [If a total stress analysis is
desired, it should be performed with no phreatic surface (i.e., zero pore pressure). Seepage
forces should not be included. Total stress strength parameters should be used.] '

2. By the use of buoyant unit weights and seepage forces below the water table. This method is
appropriate for use only with effective stress analyses; it should not be used with total stress
analyses.

Method 1 is most commonly selected. In a stability analysis utilizing Method 1, pore-water
pressures are commonly depicted as an actual or assumed phreatic surface or through the use of
piezometric surfaces or heads. The phreatic surface, which is defined as the free subsurface
water level, is the most common method used to specify subsurface water in computer-aided
slope stability analyses. The use of piezometric surfaces or heads, which are usually calculated
during a seepage or subsurface water flow analysis, is generally more accurate, but not as
common. Several programs will allow multiple perched water levels to be input within specific
units throagh the specification of piezometric surfaces.
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denser, therefore, stiffer and stronger than the in-situ soil. The converse is also true, namely a
dilatant sample will decrease in density as a result of the sampling process; therefore, the tested
specimen will be weaker than the in-situ soil.

62 SELECTION OF AN APPROPRIATE SAMPLING TECilNIQUE

It follows from the above reasoning that the sampling techniques that impart the least shear strain
to the soil are most desirable. Commonly available sampling techniques include: (1) driven
thick-walled samplers advanced by means of hammer blows, (2) pushed thin-walled tube
samplers advanced by static force, and (3) hand-carved samples obtained from a bucket-auger
hole or test pit.

Two types of thick-walled driven samplers are most often used in practice: (1) Standard
Penetration Test (SPT) split spoon samplers, which have a 2.0-inch outside diameter and 5/16-
inch wall thickness, and (2) so-called California samplers, which typically have a 3.0- to 3.3-inch
outside diameter, 1/4- to 3/8-inch wall thickness, and internal space for brass sample tubes
(which typically are stacked in 1.0-inch increments).

Pushed thin-walled tube samplers are typically 3 to 5 inches in diameter with an approximately
1/16 to 1/8-inch-thick walls. When configured with a 3.0-inch outside diameter and advanced
~ with a simple static force, they are referred to as Shelby tubes (ASTM D1587). A sampler that
provides less sample disturbance than Shelby tubes is a Hydraulic Piston Sampler (e.g.,
Osterberg type). It is often not possible to penetrate cohesionless soil or stiff cohesive soil with
Shelby tubes, and in such cases a Pitcher tube configuration can be used. The sample tube used
in a Pitcher tube sampler is identical to a Shelby tube, but the tube is advanced with the
combination of static force and cutting teeth around the outside tube perimeter, which descend to
the base of the tube when significant resistance to penetration is encountered.

Hand-carved samples are generally retrieved by removing an intact block of soil, which is
transported to the laboratory. The sample is carefully trimmed in the laboratory to the size
required for testing. Disturbed bulk samples can also be hand collected for remolding in the
laboratory.

The selection of a sampling method for a particular soil should take into consideration the
disturbance associated with field sampling as well as transportation and laboratory sample
handling. Tube samplers require specimen extrusion and trimming, whereas the brass rings used
in California samplers can be directly inserted into direct shear or consolidation testing
equipment.
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be cleansed of contaminating materials and remolded for subsequent testing in the laboratory
(see Section 7.3.3(b)ii).

5. A conservative estimate of strengths along unweathered joint surfaces in rock masses can be
obtained by pre-cutting in the laboratory an intact rock specimen and shearing the sample in
a direct shear device along the smooth cut surface. The strength obtained from the pre-cut
sample is generally a conservative estimate because actual joint surfaces have asperities not
present in the lab specimen. Alternatively the rock may be repeatedly sheared without pre-
cutting the sample. The objective in sampling for this type of testing is therefore an intact
rock specimen, with the "joint" surface being created parallel to the direction of testing. Such
samples can be obtained by coring, hand carving, or driving samples in non-brittle rocks.

6. Intact rock should be sampled by coring or hand carving to preserve sample integrity.
California samples of intact rock will generally be fractured and significantly disturbed.
Accordingly, shear strengths obtained from testing of specimens obtained with California
samples will generally be lower than the actual strength of the in situ intact rock.

7. For new compacted fills, bulk samples of borrow materials can be obtained for re-molding
and compacting in the laboratory.

8. Soil containing significant gravel generally can be sampled by hand carving of large
specimens or correlations with penetration resistance can be used to estimate strengths.
Correlations with penetration resistance are based on SPT blow counts or Becker
penetrometer blow counts. Andrus and Youd (1987) describe a procedure to determine N-
values in soil deposits containing significant gravel fragments. They suggest that the
penetration per blow be determined and the cumulative penetration versus blow count be
plotted. Changes in the slope of the plot indicate that gravel particles interfered with sampler
penetration. Estimates of the effective penetration resistance of the soil matrix can be made
for zones where the gravel particles did not influence the penetration.

63 SPACING OF SAMPLES

For most projects, samples from borings should be obtained at maximum 5-foot vertical intervals
or at major changes in material types (whichever occurs more frequently). Samples in
heterogeneous or layered materials should be obtained as often as needed to reflect the variability
of the deposit and retrieve samples of the weakest materials that might influence slope stability.
Larger sample-spacing intervals can be used for deep borings drilled primarily to obtain
information on geologic structure
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For the rapid stress application that occurs during earthquake shaking, shearing occurs under
undrained conditions. For that condition, the following types of strength parameters are
recommended:

e (Clay: Total-stress strength parameters from undrained test (CU or UU)
¢ Clay at residual: Effective-stress strength parameters, drained or undrained test
e Sand, unsaturated: Effective-stress drained strength parameters

e Sand, saturated: See below

For saturated sands, the pore pressure generated during shaking should be estimated with a
liquefaction analysis. The undrained residual strength should be used if the soil liquefies, which
can be estimated using available correlations with penetration resistance (i.e., Fig. 7.7 of Martin
and Lew, 1999). A drained strength should be used if the soil does not liquefy, but the pore
pressure generated during shaking should be estimated, so that the effective stress in the soil can
be appropriately reduced.

The criteria in the "Seismic" column of Table 7.1 can be applied to the selection of strengths for
seismic stability analyses. The principal comments associated with those criteria are as follows:

With respect to strain-softening effects, initial analyses can be performed with peak strengths.
However, if slope displacement analyses indicate significant shear deformations in the slope,
strengths should be reduced to values between peak and residual (depending on the soil
characteristics and the amount of the computed displacement).

As discussed in Section 7.2.4, rate effects tend to increase the undrained strength of fine-grained
materials, but may be partially offset by cyclic strength degradation effects.

7.2 GENERAL CONSIDERATIONS
7.2.1 Drainage Conditions and Total vs. Effective Stress Analysis

Soil behavior during drained loading is fundamentally different than during undrained loading.
Drained loading implies that loads are applied at a sufficiently slow rate that no pore pressures
are generated in the soil during shear, and volume change is allowed. Brinch-Hansen (1962)
referred to this as "consolidated-drained" or CD loading, and that nomenclature will be used
here. Undrained loading refers to a shear condition in which no volume change occurs,
accordingly increased pore pressures will be generated in saturated, contractive soil, and
decreased pressures in saturated, dilatent soil. Undrained shear can occur immediately after
construction, or upon loading that follows consolidation of the soil. These cases are referred to
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The undrained shear strength of soil also can be described using effective stress strength
parameters, but this is seldom done in routine practice because the use of such parameters in
design would require an evaluation of pore-pressure response in the field during construction,
which is a non-trivial analysis. Accordingly, shear strengths from UU or CU tests are typically
defined using alternative strength parameters. End-of-construction (UU) strengths are described
using conventional total stress strength parameters, i.e.,

Ty =c+0, tang (end-of-construction, UU) (7.1b)

where oy, = total normal stress on the failure plane at failure. This linear approximation is only
appropriate over a fairly short range of normal stresses. For saturated soil, ¢=0 in Eq. 7.1b, and
the strength is often denoted as 7y = s, or 7y = c. As illustrated in Fig. 7.2, these strength
parameters are generally obtained with triaxial testing, as sample drainage cannot readily be
controlled in direct shear tests. As indicated in the figure, triaxial tests are performed at a cell
pressure O, and the shear strength 7yis obtained as half the deviatoric stress (2¢g).

lo;,, +2g,

Ot 2y o

Figure 7.2. Stress State at Failure in Triaxial UU Test

As described by Casagrande and Wilson (1960) and Ladd (1991), post-consolidation, undrained
(CU) strengths are evaluated by first consolidating the soil to a specified effective consolidation
stress, o', and then shearing the soil rapidly to failure. The shear stress on the failure plane at
failure (7 is best evaluated by plotting the Mohr Circle in effective stress space, as shown
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5. Unloading of soft clay may be critical under short-term undrained or long-term drained
conditions. Strengths representative of both conditions should be evaluated for stability
analyses.

For saturated or nearly saturated soils, rapid stress application during earthquake shaking occurs

as undrained loading. Accordingly, either total stress or CU strength parameters should be used.
If, prior to the probable earthquake, effective stresses in the soil can be expected to change with
time due to consolidation, it may be reasonable to use CU strengths based on effective
consolidation stresses that will be present in the slope after the completion of some acceptable
amount of consolidation. Assuming the cohstruction being analyzed involves loading of the
ground, the range of effective possible consolidation stresses that could be chosen is, as a
minimum, the effective consolidation stress prior to construction, and as a maximum, the
effective consolidation stress after all excess pore pressures from loading have dissipated. The
choice of which consolidation stress within this range should be used is project-specific, and
should be selected after discussion between the consultant and regulatory official. Conversely,
clayey soil subject to unloading will swell over time, and the reduced effective stresses present

after the completion of swell should be used for seismic design.

Negative pore pressures are present in unsaturated soils. Limited experimental and centrifuge
studies have shown that at saturation levels of 88% and 44%, these negative pore pressures may
rise (i.e., become less negative) during rapid cyclic loading (Sachin and Muraleetharan, 1998;
Muraleetharan and Wei, 2000). The available information is far from exhaustive, but those
studies preliminarily suggest that at the pre-shaking saturation levels conmsidered, the pore
pressures can rise to nearly zero, but are unlikely to become positive. That behavior is less likely
to occur in materials with higher degrees-of-saturation (for example, > 90%), because the
relative scarcity of air bubbles could lead to the development of positive pore pressures.
Accordingly, for materials that can be expected to have moderate saturation levels (< 90%), an
assumption of zero pore pressure in the soil is likely to be conservative, meaning that stability
analyses can be performed using effective stress strength parameters derived from drained shear
tests. Those strength parameters should be used with effective stresses calculated for a zero pore
pressure condition (i.e., effective stress = total stress).

7.2.2 Post-Peak Reductions in Shear Strength

All limit equilibrium methods for slope stability assume a rigid-perfectly plastic soil stress-
deformation response, as depicted in Fig. 7.3. Because this model assumes strength to be
independent of deformation, it can be difficult to apply to soil subject to post-peak reductions in
shear capacity (i.e., soil with strength that is dependent on the level of deformation). Many soils
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strength is measured (i.e., intact specimen for ultimate; reconstituted specimen for fully
softened).

The above strength terms are used in the context of drained shear. Undrained specimens can also
experience strain softening, often due to pore pressure increase and/or particle re-orientation.
For undrained shear, we will only refer to two strength values - peak and residual.

Skempton (1985) reports that fully softened/ultimate and residual drained shear strengths are
approximately equivalent for materials with clay contents less than 25% (with clay defined as
material finer that 0.002 mm). Drained residual strengths are less than fully softened strengths
for materials with higher clay contents.

A

A = Peak Strength

B = Ultimate Strength
C = Residual
i Strength

Note: The curve shown above is schematic and
must be obtained using either multiple cycles of
a direct shear test or a ring shear apparatus

\ 4

Shear deformation

Figure 7.4. Diagrammatic Stress-Displacement Curve

Many materials can experience a post-peak reduction in strength, including most clayey soil
(under drained or undrained conditions), dense sand under drained conditions, loose sand under
undrained conditions, and cemented soil.

The following guidelines apply to the selection of appropriate strength parameters in materials
subject to strain softening during long-term, drained loading conditions.

1. Residual strengths should be used in materials that have experienced significant previous
shear deformations. Examples include materials located along pre-existing landslide slip
surfaces and along continuous bedding planes likely to bave been subject to significant past
movement (e.g., folded bedrock that may have experienced flexural slip along bedding
planes). Residual strengths should be used in those materials, even if the relative movement
across the discontinuity occurred thousands of years ago (Skempton and Petley, 1967).
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slope failure mechanisms at the site, and strain compatibility of shear strengths for materials
along the failure surface.

Recommendations 3, 5, and 6 above are based on comparisons of mobilized shear strength
(established from back analyses of first time slides) to fully softened and residual shear strengths
by Stark and Eid (1997), and updated by Stark and McCone (2001). The Committee recognizes
that ground conditions at the sites considered by Stark and Eid (1997) may not be directly
comparable to materials that weather from older bedrock (pre-Quatemary). It is, however, the
consensus of the Committee that these recommendations represent the best approach currently
available. With respect to Recommendation 4 (weathered soil), the samples tested for Atterberg
limits and shear strength should be taken from naturally weathered deposits of a similar earth
material at or near the site. To distinguish between the levels of plasticity referred to above,
visual classifications can be used in lieu of formal Atterberg Limits testing.

For undrained loading of clayey soil, Ladd (1991) found back-calculated values of tan(‘¥,) from
field case histories to be similar to laboratory CU test results adjusted for strain compatibility
effects. The laboratory CU parameters for which these comparison were made represent peak
strengths, hence, it is inferred that strain-compatibility adjusted peak strengths can be used for
field applications. Strain compatibility adjustments to peak shear strength are discussed in
Section 4.9 of Ladd (1991).

7.2.3 Soil Anisotropy

Stress and fabric induced anisotropy, as well as pre-existing shear zones, can lead to shear
strengths that are dependent on the orientation of the failure plane. Slopes with pre-existing
shear zones should be analyzed using along-bedding and across-bedding strengths applied to
relevant portions of the failure surface (guideline #4 for sampling along bedding is included in
Section 6.2).

For relatively homogeneous alluvial soil subjected to undrained loading, laboratory testing that
shears samples across horizontal planes (such as triaxial tests on specimens retrieved from
vertically advanced samplers) generally provide unconservatively high estimates of shear
strength along the actual failure surface in the field (Duncan and Seed, 1966a and 1966b). Such
effects are less significant for homogenous soil subjected to drained loading (Mitchell, 1993).

72.4 Rate Effects

Laboratory shear tests are generally performed over the course of minutes to days. Field loading
under static loading is much slower, whereas seismic loading is more rapid.
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strain rates can be used as a first-order approximation of the residual strength friction angle
under undrained and rapid loading conditions.

7.2.5 Effect of Confining Stress on Soil Failure Envelope

The effect of confining stress on the stress-strain response of granular materials has been
summarized by Lambe and Whitman (1969) as follows:

1. As confining pressure increases, the peak normalized shear strength (i.e., secant friction
angle based on peak strength) decreases.

2. The fully softened/ultimate strength is more-or-less independent of changes in confining
pressure.

The strong effect of confining pressure on normalized peak shear strengths has been attributed to
a decreased tendency for dilation at large confining pressures, and a reduced level of grain
interlocking (and increased grain crushing) as confining pressures increase (Lambe and
Whitman, 1969; Terzaghi et al.,, 1996). This reduction of friction angle with increasing
confining pressure causes downward curvature of the failure envelope.

For clayey soil, Skempton (1985) and Stark and Eid (1994) have found downward curvature of
failure envelopes representing the residual strengths, and Stark and Eid (1997) have found
downward curvature of failure envelopes for fully softened strength. Therefore, curvature of
failure envelopes is an issue faced in both cohesive and cohesionless materials. Atlow confining
pressures, curvature can be particularly pronounced, as failure envelopes for residual strength
pass through or nearly through the origin

Given the above, it is important to perform shear strength testing across the range of normal
stresses expected in the field. A curved representation of the failure envelope can be used in
many modermn computer programs, and is the preferred method for accounting for these effects.
If this is not possible, a linear representation of the actual curved failure envelope can be used
across the range of normal pressures expected in the field. It should be noted, however, that, in
situations where both shallow and deep-seated stability must both be analyzed, more than one
linear envelope would need to be established.

At sites with particularly deep-seated slip surfaces, it may not be possible to perform testing at
the normal pressures occurring in the field. In such cases, testing should be performed across a
range of lower normal stresses to establish the variation of friction angle with increased stress.
This variation can be described in terms of power, cycloid, and hyperbolic equations (Duncan et
al., 1989; Atkinson and Farrar, 1985; Maksimovic, 1989; Vyalov, 1986). These expressions can
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73.1 Presumptive Values

Conservative presumptive shear strength parameters can be used in slope stability analyses for
sites where no field exploration or laboratory testing have been performed. Because these
_presumptive strength parameters are used in lieu of site-specific exploration or testing, they must

_be chosen conservatively, so that the probability that lower strength parameters exist at a site is

very low, In general, presumptive values should be selected and approved by local regulatory
reviewing agencies in a manner that incorporates data from local case histories, experimental
data, and back analyses. These values apply only for the drainage conditions, loading rates, etc.
that were present in the tests/case studies from which the values were derived. Provided they are
used for a comparable set of conditions, presumptive strength parameters should yield a safe

design, but not necessarily an economical one. For most projects, it should be economically
beneficial to perform field exploration and laboratory testing to develop project-specific shear
strength parameters rather than use low, presumptive strength values. It also should be noted
that presumptive strength parameters are intended to be realistic lower bound strength values and
are not intended to be lower than any values ever obtained.

7.3.2 Published Correlations

As described previously in Section 6.2, in most cases the drained strength of sand and non-
plastic silt is best estimated by correlations with SPT blow count and CPT tip resistance. The
recommended SPT correlation for sand is shown in Fig. 7.5a. Note that the blow count [(N)so]
is corrected for procedure to 60% efficiency, and corrected to 1.0 atm overburden pressure. CPT
tip resistance is also normalized to 1.0 atm overburden pressure in the correlation shown in Fig.
7.5b. SPT and CPT procedure and overburden correction factors are discussed in detail in
Martin and Lew (1999).

Evaluation of the drained or undrained shear strength of clay should be accomplished with
testing. However, it is good practice to check laboratory-derived strength parameters for clay
using available correlations. A particularly onerous problem with clay strength evaluations can
be the evaluation of residual shear strengths for thin failure surfaces. This problem arises
principally from difficulty in sampling and properly orienting test specimens in direct shear
devices. Accordingly, it is strongly recommended that sufficient clay be obtained by scraping
the surface to allow determination of the liquid limit and clay fraction, so that the residual shear
strengths for clay slip-surfaces can be checked using published correlations such as those by
Stark and McCone, 2001 (updated from Stark and Eid, 1994 and 1997). Correlations between
soil liquid limit and clay fraction (established by a ball-milling technique) and friction angle are
shown in Figures 7.5¢ (residual friction angle) and 7.5d (fully softened friction angle). Care
should be exercised when using these correlations because liquid limits and clay contents derived
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Figure 7.5¢. Empirical Correlation Between Drained Residual Friction Angle of Fine-
Grained Soil and Ball-Milled Liquid Limit (Stark and McCone, 2001)
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Figure 7.5d. Empirical Correlation Between Fully Softened Friction Angle of Fine-Grained
Soil and Ball-Milled Liquid Limit (Stark and McCone, 2001)
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73.3 Laboratory Testing
(a) General Considerations

Laboratory testing can be used to evaluate the load-deformation response and shear strength of
soil samples. Laboratory equipment available for shear-strength testing includes the following:

e The triaxial compression test (TC) is a relatively common laboratory test that can be used for
the evaluation of drained or undrained shear strength parameters. The applied load is
measured in terms of deviatoric stresses, and deformation is measured in terms of axial
strains.

e Unconfined compression tests are simply UU triaxial compression tests with zero cell
pressure. Unconfined compression tests are only useful for crude estimation of total stress
strength parameters, and tend to provide conservative results. These strengths can generally
be applied only for an "unconsolidated" condition (i.e., no field consolidation since sample
retrieval), and only for the location in the ground from which the sample was retrieved.

e The direct shear test (DS) is the most commonly used shear strength test due to its
operational simplicity. In southern California, the test is often run on specimens retrieved
from California samplers, which (as noted in Section 6.2) are likely to be significantly
disturbed. DS test results for such specimens are very approximate. In the DS test, applied
load is measured in terms of shear stress, and deformation is measured in terms of shear
displacement (not strain). The ASTM procedure for this test is formulated to achieve drained
shear. True undrained conditions cannot be obtained because pore pressures dissipate during
shear. The direct shear test controls the location of shearing and is therefore useful for
testing specific failure surfaces. DS testing devices can be used to subject a sample to
multiple cycles of shearing, which allows an estimation of residual strength. Unfortunately,
the results may be unconservative (Watry and Lade, 2000), and should always be checked
against either correlations (Stark & McCone, 2001) or results of ring shear testing (discussed
below).

e Ring shear tests can be used to estimate the residual strengths corresponding to large
displacements in reconstituted (bulk) samples. Ring shear devices cannot be used with
undisturbed soil specimens from the sampler types discussed in Section 6.0.

o Although mostly research tools at this point, direct simple shear and torsional shear testing
provides a reliable means of evaluating either undrained or drained stress-strain response of
soil.
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endorse such practice. Furthermore, the absence of an ASTM standard for that test makes it a
non-standard test that in practice will vary in procedure and quality from consultant to
consultant, and one that has not benefited from a comprehensive review and comparison with
truly undrained tests. Although this committee cannot endorse such a practice, some Committee
members believe that the appropriate regulatory agencies have the power to decide under which
testing conditions (if any) rapid, so-called "undrained" direct shear tests can be used to estimate
undrained strength parameters in their individual jurisdictions. Other Committee members
believe that the use of rapid deformation rates in the direct shear test device (in an effort to
approximate undrained strength pararheters) should not be allowed at this time, because it can
lead to unreasonable and unconservative estimates of the undrained shear strength.

The following guidelines should be adhered to so that the test results can be used for slope
stability analyses.

1. The dry density and moisture content prior to shear should be determined. That can be
achieved by measuring the weight of the ring sample prior to testing and determining the
moisture content using an adjacent ring.

2. Samples tested for static stability analyses should be saturated unless the engineer can
convincingly demonstrate that saturation of the soil during the design life of the slope is
unlikely. Samples tested for seismic stability analyses may be tested at field moisture
conditions that are likely to exist at the time of the earthquake. For non-irrigated slopes, that
may be the long-term average field moisture condition. For irrigated slopes, samples should
be tested under saturated conditions. It should be noted that soaking a sample from both top
and bottom can result in trapped air inside of the sample. It is often advantageous to soak
samples only from the bottom until the surface of the sample suggests that soaking has
achieved saturation by capillary rise.

3. Normal stresses need to be consistent with the problem being analyzed. For example, to
analyze the surficial stability of a slope requires knowledge of the shear strength at normal
stresses on the order of only 200 psf, which requires testing at very low confining stresses.

4. In order to obtain drained strength parameters, the speed of the direct shear test needs to be
slow enough to ensure that pore pressures dissipate inside the sample. According to ASTM,
the maximum speed is a function of ¢sp, which can be determined from consolidation theory
using the Casagrande or Taylor methods (e.g., Holtz and Kovacs, 1981). Currently, ASTM
D-3080 specifies that the time to failure is to be greater than 50-fsp. Table 7.3 provides
guidelines to assist in the specification of deformation rate for a direct shear test. These are
based on correlations between coefficient of consolidation (cy) and liquid limit from the U.S.
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Figure 7.6. Schematic of Multiple-Cycle Direct Shear Test Results

Table 7.3. Reference Values of Time-to-Failure m
Drained Direct Shear Test

40 | 6ver Consolldamd 025
Normally Consolidated 1.5
Remolded 6.0
60 Over Consolidated L5
Normally Consolidated 4.0
Remolded 15.0
80 Over Consolidated 4.0
Normally Consolidated 10.0 i
Remolded 30.0

* assuming 1.0 inch sample height and dopble drainage (multiply recommended
times by 4.0 if drainage is only provided on one side of sample).

ii. Remolded Samples

Direct shear testing is often performed on remolded samples to evaluate either fully softened or
residual strengths. Remolded samples should be prepared to approximate either the existing or
the most critical anticipated conditions. The soil moisture content and density must both be
carefully selected and controlled to achieve a sample that will yield a representative shear
strength. The Committee recommends that samples that will be tested with a direct shear
apparatus be remolded using the following guidelines. A bulk sample of the soil should be
moisture conditioned to a moisture content at or above the optimum moisture content as
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unconsolidated undrained test (UU), in which drainage is not permitted during the application of
confining pressure or shear.

As described in Table 7.2, CU or UU tests are recommended to determine the undrained shear
strength of soft clay under static lpading. In addition, CD tests are recommended together with
the drained direct shear test to determine drained strengths of sand, very stiff clay, and clayey
bedrock. The following additiona! discussion and guidelines are provided in this section with
regard to the use of CU and CD tests for slope stability problems: CU tests should be performed
in accordance with ASTM D4767-95, UU tests in accordance with ASTM D2850-95 (1999), and
CD test in accordance with U.S. Army Corps of Engineers EM1110-2-1906.

In piston-type test equipment (in which the axial loads are measured outside the triaxial
chamber), piston friction can have a significant effect on the indicated applied load, and
measures should be taken to reduce the friction to tolerable limits.

The specimeﬂ cap and base should be constructed of lightweight material and should be of the
same diameter as the test specimen in order to avoid entrapment of air at the contact faces.

The porous stones should be more pervious than the soil being tested to permit effective
drainage.

Rubber membranes used to encase the specimen should provide reliable protection against
leakage, yet offer minimum restraint to the specimen. Commercially available rubber
membranes having thicknesses ranging from 0.0025 in. (for soft clay) to 0.01 in. (for sand or
clay containing sharp particles) are generally satisfactory for sample diameters less than 2.5
inches. Rubber membranes about 0.01 in. or greater in thickness are suitable for larger
specimens.

The sample specimen height-to-diameter ratio should be between 2 and 2.5. The largest particle
size should be smaller than 1/6 the specimen diameter. If, after completion of a test, it is found
based on visual observation that oversize particles are present, that information needs to be
included in the report.

The average height of the specimen should be determined from at least four measurements, while
the average diameter should be determined from measurements at the top, center, and bottom of
the specimen as follows:

_ D!m + 2Dc¢nl¢r + Dballam
™ 4

(7.2)
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For CU tests, failure can be defined either as the maximum deviator stress (0;-03’); the
maximum obliquity, (0;703); or the stress at a certain specified axial strain. For dilative
samples, a maximum deviator stress criteria may not be determined as its value will continue to
increase with deformation. However, maximum obliquity value will reach a maximum and will
not increase with the deformation. Therefore, for contractive samples, maximum obliquity
criteria should be used for defining the failure. For dilative samples, either maximum deviator
stress or maximum obliquity criteria will provide the same measure of shear strength; however,
typically the maximum deviator stress is used in slope stability

(d) Laboratory Test Data Interpretation

The number of tests needed to estimate the shear strength of a geologic unit depends on factors
such as local experience with the material, continuity of strata, spatial variability of properties,
and consequences of erroneous estimation. When the number of tests performed is limited,
appropriate conservatism should be used to select shear-strength values for slope stability
analysis. The following general guidelines should be considered when testing shear-strength
samples, and analyzing and applying their results.

If data are being developed to estimate the shear strength of a relatively homogeneous deposit
(such as a uniform natural deposit or an artificial fill), a sufficient number of tests should be
performed to characterize the variation that is likely to result from the natural process or
construction techniques, considering the materials that are available to form the deposit. The
results from a number of tests can be averaged, provided they are weighted in proportion to their
abundance in the slope being analyzed. Alternatively, each layer could be entered into the slope
stability analysis. If a wide variation in shear strength is observed across a large project site, it is
necessary to verify that the strengths used for analysis of a specific slope are representative of the
materials at that location.

If data are being developed to estimate the across-bedding strength of a layered deposit, the tests
should be performed on representative material samples from each of the types of layers present.
In many cases, an approximately weighted average value of shear strength can be used to model
the across-bedding strength. Summary plots of shear strength data for each type of material in
the layered depasit should be prepared. The test results from each type of material in a layered
deposit should be averaged first. Then those averaged results should be weighted in proportion
to their abundance and combined with similar results from other layers to obtain an overall
weighted average. The engineer should be sure to consider the possibility that large-scale
properties such as variations in cementation and fracturing could affect the strength of the
deposit in a manner that might not be adequately represented by the laboratory test results.
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The relation between the correction factor, 4 and the plasticity index, PI, has been obtained from
field case history data and is shown in Figure 7.7.
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Fig. 7.7. Correlation Factor for the Field Vane Test as s Function of PI, Based on
Embankment Failures (from Holtz and Kovacs, 1981)

73.5 Back Calculation of Strength Along a Failure Surface

Exlstmg landslides offer the opgortumgx to cstlmate the average shear stre _t_lgmpropertles along

ga_]culatlon or back analysis. The procedure requires the determmatlon of the conﬁguratlon of
the landslide failure surface relative to the topography at the time of failure, variability in earth
materials along the failure surface, the subsurface water level at the time of failure, external
loading conditions, and the appropriate soil density. Once the above information is known, a
mathematical analysis method appropriate to the slide configuration is chosen. The data
described above are input into the analysis method, and an initial estimate is made of the shear
strengths along the failure surface. The shear strength parameters are then adjusted and the
analysis repeated until a factor of safety of 1.0 (FS=1.0) is obtained. This method provides
different sets of cohesion, ¢, and friction angle, ¢ which satisfy FS = 1.0. The engineer then

selects an appropriate combination of ¢ and @ These strength parameters can then be utilized in
the evaluation of alternate repair procedures. Skempton (1985) compared drained shear
strengths obtained by careful testing of high-quality slip-surface samples with strengths
determined by back calculation of the slides and found good correlation, indicating that the back-

calculation method is valid for drained failures.
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8 SOIL UNIT WEIGHT

The soil unit weight is required for the analysis of slope stability. The added weight due to the
presence of subsurface water is accounted for by using the saturated unit weight of the soil. The
use of the saturated unit weight (%x) of the soil is conservative for most analyses. Although
variations in moisture content (varying from dry to saturated) are possible, slope stability
analyses should be performed using the saturated unit weight (unless specific justification for
doing otherwise is provided by the consultant and approved by the regulatory reviewer). The
estimation of saturated soil unit weight can be evaluated from the dry unit weight () as follows,

G

G. -1
7w=r,.+n( > J 8.1

where G, = specific gravity of solids (typically 2.65-2.75),
Y= unit weight of water (62.4 pcf for fresh water)

In addition, relatively small (5 to 10 pcf) changes in density typically have little influence on the
results of slope stability analyses. Saturated unit weights should be obtained from laboratory
moisture-density tests on driven samples or conservative estimates from published sources such as
the Slope Stability Reference Guide for National Forests in the United States (Hall et al., 1994).
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mathematical models for slope stability calculations and the ability of the analyst to find the
critical failure surface geometry.

Historically, the most commonly required factors of safety in southern California have been 1.5

for static long-term slope stability and 1.25 for static short-term (during construction) stability.
Those factors of safety were established when computations were performed with slide-rules,
when analysis methods solved at best two conditions of equilibrium, when only a few potential
failure surfaces were analyzed, and when our understanding of factors influencing the shear
strength of soil was less advanced. The level of uncertainty associated with those analyses
justified the use of relatively high factors of safety.

The availability and speed of personal computers has allowed the development of more precise
methods of analysis, which satisfy all three equations of static equilibrium, and the analysis of
hundreds to thousands of potential failure surfaces. Therefore, the uncertainty related to
computational methods and determination of the critical failure surface has been significantly

reduced in recent years. Accurate representation of the soil shear strength for the problem being

solved therefore introduces the highest level of uncertainty into current analyses. The
Committee believes that the current static factors of safety remain applicable in cases where the

shear strength of soil is determined by limited laboratory testing or by the use of the median

values from standard correlations. However, we also believe that consideration should be given

in the future to the use of lower factors of safety when uncertainty related to the shear strength is

relatively small. For example, uncertainty is reduced when the shear strength is determined by

back analysis of a well documented slope failure (in terms of geometry and water conditions).

The Committee is not prepared to recommend specific lower safety factors at this time, but
believes that this topic deserves consideration by controlling agencies.

The use of a factor of safety greater than 1.5 for static analyses is recommended if a slope in
fractured or jointed cemented bedrock is analyzed using peak strength parameters derived from
high quality samples of unfractured material. The use of a higher factor of safety is suggested in
this instance because the joints and fractures introduce random planes of weakness into the
deposit, which can significantly reduce the overall shear strength of the deposit. It is the
Committee's judgment that factors of safety as high as 2.0 should be considered when a
cemented material exhibits significant post-peak strength loss and contains a significant number
of fractures in the location being analyzed. It should be noted that this higher factor of safety is
not intended to be used when shear strengths are evaluated from de-aggregated samples.

June 2002, page 56

X



Recommended Procedures for implementation of DMG Special Publication 117
Guidelines for Analyzing and Mitigating Landslide Hazards in California

analysis as a whole, which is most significantly influenced by the uncertainty in input parameters
(such as soil strength). However, in situations where good quality sampling and testing have
revealed consistent strength parameters or where regional knowledge dictates the use of specific
parameters, the method of analysis can significantly affect the calculated FS.

The methods of Morgenstern and Price, Spencer, Sarma, Taylor, and Janbu's generalized

procedure of slices satisfy all conditions of equilibrium and involve reasonable assumptions.
Bishop's modified method does not satisfy all conditions of equilibrium, but is as accurate as
methods that do, provided it is used only for circular surfaces. Duncan (1996) has found all of
these methods to provide answers within 5% of each other.

Table 9.1. Characteristics of Commonly Used Methods of Limit Equilibrium Analysis
(after Duncan, 1996)

Friction Circle Mcthod Moment and  force i Resultant tangent to friction circle

(Taylor) Equilibrium :

Ordinary Method of 1927 | Moment Equilibrium of Circular Normal force on base of slice is W cos o and

Slices (Fellenius) entire mass shear force is W sin o

Method of Slices 1910 Force equilibrium No interslice forces

(Fellenius) of each slice

Bishop's Modified 1955 ] Vertical equilibrium and Circular Side forces are horizontal

Method overall moment
equilibrium

Janbu's Simplified 1968 Force equilibrium Any shape  [Side forces are horizontal

Modified Swedish 1970 Force equilibrium Any shape |Side force inclinations are equal to the parallel

Method (U.S. Army to the slope

Corps of Engincers

Method)

Lowe and Karafiath's 1960 Vertical and horizontal Any shape  |Side force inclinations are average of slope

Method force equilibrium - surface and slip surface (varies from slice to

slice)

Janbu's Generalized 1968 All conditions of Any shape |Assumecs heights of side forces above the base

Method equilibrium vary from slice to slice

Spencer’'s Method 1967 All conditions of Any shape [Inclinations of side forces are the same for
equilibrium every slice; side force inclination is calculated

in the process of the solution

Morgenstern and Price's 1965 All conditions of Any shape |Inclinations of side forces follow a prescribed

Method equilibrium pattem,; side forces can vary from slice to slice

Sarma's Method 1973 All conditions of Any shape  |Magnitudes of vertical side forces follow
cquilibrium prescribed patterns

June 2002, page 58



Recommended Procedures for iImplementation of DMG Special Publication 117
Guidelines for Analyzing and Mitigating Landslide Hazards in Cafifornia

9.1e-f). In general, failure geometries with a near 90-degree angle in the lower portion of the
slope should be avoided as these geometries will lead to unreasonable high normal stress
concentrations near the right angle bend in the failure surface.

FILL SLOPE OR CUT SLOPE WITH
LATERALLY SUPPORTED BEDDING

Figure 9.1a - b. Examples of Use of Circular Failure Surface Geometry

SPECIFEED
SURFACE

EXISTING LANDSCAPE

Figure 9.1c. Example of Use of Specified Failure Surface Geometry
for Existing Landslide

June 2002, page 60



Recommended Procedures for Implementation of DMG Spedial Publication 117
Guidelines for Analyzing and Mitigating Landslide Hazards in California

MAY NOT FIND SLIP
SURFACE WITH THE
LOWEST FACTOR
OF SAFETY.

SPECIFIED
SURFACE

POTENTIAL FAILURE
SURFACES SEARCHED

BUTTRESS FILL

TYPICAL RANGE OF
POTENTIAL FAILURE
SURFACES SEARCHED

BUTTRESS FiLL

Figure 9.1f. Failure Surfaces Combining Along-Bedding and Cross-Bedding Failure -
Buttress Fill (bottom diagram indicates correct geometries)

93.2 Tension Cracks

Tension cracks or vertical fractures may form at the crest of a slope or near the head of a
landslide as failure is approached. Tension cracks should be considered in slope stability
calculations, and in some cases those cracks should be assumed to have water in them. The
tension crack lateral location along the slope should be the one that produces the lowest factor of
safety, but in practice it may not be necessary to expend the iterative effort needed to determine
the most critical position.

For most situations, the approximate depth of the tension crack can be estimated from the
following equations. If the material through which the crack will form is generally
homogeneous and isotropic, the depth of the tension crack may be estimated from:
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local minimums are found. If the computer program works by generating a large number of
circular surfaces in a random manner, the engineer needs to direct the computer to search enough
surfaces so that adding more surfaces does not result in a significantly lower factor of safety.

If non-circular failure surfaces are to be used, geologic judgment and kinematics need to be
considered. For example, if Spencer's method is used to generate a failure surface that has a
nearly right-angle bend (see Figure 9.1e-f, upper frames) a kinematically unreasonable geometry
results and the calculated factor of safety may be too high. That problem can be detected by
checking for very high base-of-slice normal-stresses and shear resistances in narrow slices.
Those high stresses and resistances result from the concentration of high side forces at the right-
angle bend, which creates high base-of-slice normal-forces and unreasonably high shear-
resistance. Spencer’s analysis can yield factors of safety that are significantly higher than those

prmdnced by a simplified Janbu analysis when kinematically unreagonable surfaces are specified

(dip-slope analyses with passive toe wedges can create that problem). The problem can often be
resolved by searching for similar, but kinematically more reasonable surfaces, in nearly the same
area (see Figure 9.1e-f, lower frames). If a computer program is used to generate a large number
of non-circular randomly shaped surfaces, the engineer should carefully evaluate the results for
convergence, since good geotechnical and geologic judgment can often result in finding more
critical failure surfaces. To provide some guidance, several examples of procedures that can be
used to search for the critical failure surface are shown on Figure 9.1

9.3.4 Search for Critical Failure Direction

Existing or potential failures that do not occur directly downslope require consideration of the
critical direction of analysis (cross section direction that results in the lowest factor of safety).
Landslides that do not occur directly downslope and slopes where the direction of bedding dip is
oblique to the slope require that consideration be given to the direction of failure. In general, the
analyst can start the search for a critical failure direction by evaluating cross sections that extend
directly downslope and directly down the dip of the failure surface or bedding plane and then
expanding that search to include intermediate directions, if such appear to be more critical.

94 GROUNDWATER CONDITIONS

Engineers performing computer-aided slope stability analyses should determine how the specific
program they are using accounts for pore-water pressure and be sure that they specify it
correctly. For example, in the computer program XSTABL, when a phreatic surface is used to
describe pore-water pressures and that phreatic surface is above the ground, a water surcharge is
applied to the ground surface. However, when a piezometric surface is used in XSTABL and
that surface is above the ground, no water surcharge is applied to the ground surface. Also, when
specifying a phreatic surface in XSTABL, the program assumes that equipotential lines are
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e If realistic soil compressibility data are available, FE/FD methods can give general
information about deformations at working-stress levels.

¢ FE/FD methods illustrate progressive failure up to and including overall shear failure. By
contouring shear strains in the zones, it is possible to highlight failure surfaces.

For non-linear analyses using complex constitutive models that attempt to reproduce volumetric
changes accurately in undrained or partially drained conditions, the incremental application of
gravity can produce different results than would be obtained if gravity is applied all at once.
However, if a simplified elasto-plastic model is used in FE/FD analyses, the factor of safety
appears unaffected (Griffiths and Lane, 1999). Therefore, if the primary goal of the FE/FD
analysis is to obtain a factor of safety, a simplified Mohr-Coulomb elasto-plastic model can be
used with an instantaneous gravity "turn-on" procedure (Griffiths and Lane, 1999). To determine
the factor of safety (FS) from FE/FD analyses, the "shear strength reduction technique” can be
used (Matsui and San, 1992). In that procedure, the FS of a soil slope is defined as the number
by which the original shear strength parameters must be divided in order to bring the slope to the
point of failure (as indicated by numerical non-convergence or excessive displacement). The
"factored” shear strength parameters c'cand ¢'; are given by:

¢, = c'/FS
¢', = arctan(tan ¢'/ FS)

The method would allow a different FS to be specified for the c' and tan ¢’ terms, but typically
the same factor is applied to both terms. To find the slope's factor of safety, a systematic search
is conducted to find the FS that initiates failure by solving the problem repeatedly using a
sequence of user-specified FS values.

Modemm FE/FD programs have enhanced graphical output capabilities that allow better
understanding of the mechanisms of failure and simplify the output from reams of paper to
useable graphs and plots of displacement. However, what remains is the concern that powerful

tools such as the FE/FD method require considerable experience to properly evaluate the results.

The FE/FD method is a powerful tool which provides significant insight into the potential slope
performance to the experienced user. A user should be thoroughly familiar with both the
mathematical mode and the required input parameters before using this method.
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